




















eplgDIcAal RoOM 
NERAI , iBRARY 
, _ 
sINIV. OF mich. 


THE APRIL 


SCIENTIFIC 
MONTHLY 


EDITED BY J]. MCKEEN CATTELL 


THE CONTRIBUTIONS OF SCIENCE TO INCREASED EMPLOY 
MENT: 

SCIENCE MAKES JOBS. Presipent Karu T. Compron 297 

SCIENCE AND INDUSTRY. Dkr. FRANK B. JEWET! 301 

THE SERVICE OF SCIENCE. Dkr. Ropert A. MILLIKAN 3 

SCIENTIFIC DEVELOPMENTS AND THEIR APPLICATIONS. 

Dr. W. D. CooLipGr 307 
RACING CAPACITY IN THE THOROUGHBRED HORSE, PART II. 

Dr. Harry H. LAUGHLIN 31 
THE NEW ZEALAND FOREST. Proressor V. W. JACKSON 322 
THE ENTOMOLOGICAL SOCIETY OF LONDON. Proressor T, 

D. A. COCKERELL 332 
A POSSIBLE INTERPRETATION OF THE QUANTUM. Prores 





sor W. P. MONTAGUE 343 
ATR ‘‘FLIVVERS.’’ Dr. Epwin G. DEXTER 361 
SCIENCE SERVICE RADIO TALKS: 
; SEEDS. Proressor J. T. BuCHHOLZ 67 
THE INVISIBLE FRONTIER—OR FIVE MILES UNDER 
GROUND. Dr. W. T. THom 370 
NO ONE NEED HAVE SCARLET FEVER. Dr. Guiapys H 
Dick 7 


SPEED AND ITS SIGNIFICANCE IN CHEMISTRY PROFES 
sor HuGcH 8. TAYLOR 
THE TELEPHONE POLE AND THE MUSHROOM. Dr. R. H. 
COLLEY 378 
THE PROGRESS OF SCIENCE: 
William Morris Davis, an Appreciation; The Award of the Willard 
Gibbs Medal to Dr. Urey; Statistical Charts regarding Employment 
Exhibited at the New York Museum of Science and Industry 384 


THE SCIENCE PRESS 
LANCASTER, PA.—GRAND CENTRAL TERMINAL, N. Y. CITY—GARRISON, N. Y. 


Yearly Subscription $5.00 






Single Copies 50 cents 








Principles of Geometry. Volume VI. Introduc- 
tion to the Theory of Algebraic Surfaces and 
Higher Loci. H. F. Baker. ix+308 pp. $4.75 


Cambridge University 
This volume includes an account of the theory of 


rrespondence, an exposition of Schubert’s calculus 
conditions, a summary account of involutions, and 
theorems for intersections of manifolds in space of 


dimensions 


Electrons at Work. CHARLES R. UNDERHILL. xii 
+ pp Illustrated. $#3.0( McGraw-Hill 


\ general treatise on electronic devices, their circuits 
nd industrial uses, which aims to present the funda 
entals of electronics as well as its practical applica 

tions. General information regarding electronic devices 


and apparatus is given 


Molecular Hydrogen and Its Spectrum. OWEN 
W. RICHARDSON. xiv +343 pp. Illustrated. $3.00. 


Ya University. 


This work, comprising the text of the Silliman Me 


ial Lectures, is a treatise on the hydrogen molecule 
and the hydrogen molecular ion The book contains 
the results of a considerable amount of unpublished 


esearch W 


Mechanics and Applied Heat. S. H. Moorrre.p 
and H. H. WINSTANLEY. vii+328 pp. Lilustrated. 


$1.6 Longmans, Green 


1 


t and logical form 


This textbook aims to give in direct 
the essential principles covering a course in engineering 
science which will prepare the student for his entry 
upon the final year of the Ordinary Natural Certificate 


Course in England 


Introduction to Physical Chemistry. ALEXANDER 
FINDLAY. vii+492 pp. Illustrated. $3.00 Long- 


mans, Green 


This textbook has been designed to carry the student 
to such a point that he can read with profit the numer 
ous special monographs which are now available. In 
general, the historical method of treatment has been 
adopted 


Food-Borne Infections and Intoxications. FREp 
W. TANNER. viii+439 pp. $5.50. Twin City 
Printing Co 


A treatise on the conditions of plant and animal 
foods which cause illness in man. A chapter on food 
hygiene is included. The author is professor and head 
of the department of bacteriology at the University of 


Illinois 


Handbook of Frogs and Toads. ANNA A. WRIGHT 
and ALBERT H. WRIGHT. xi+231 pp. Illustrated. 
$2.50. Comstock. 

A study of the frogs and toads of the United States 
and Canada illustrated with several photographs of 
each species followed by a résumé of its character and 
habits. The volume has been prepared as a guide for 
teachers and students 


NEW BOOKS OF SCIENTIFIC INTEREST 





How the Mind Works. Cyrm B 


336 pp. $2.50. Appleton-Century. 


rhree series of talks broadcast in FE: 
Burt, Ernest Jones, Emanuel Mille 
Moodie, revised and enlarged for publi 


how the mind works in the adult, in ft! 


A City Set on a Hill. C.-E. A. Wr 
67 pp. Illustrated. $3.01 Doub 


\ critical appraisal of the mod 
ministration of Syracuse, New York, des 
ts program for the prevention and trea 
which has recently been financed to a 
tent by the Milbank Memorial Fund 


Readings in Educational Sociology 
E. GEORGE PAYNE, Editor. xxi+79 
Prentice-Hall. 

In this volume the authors deal with t 
of sociology to educational practices I 
social agency, the expanding functior 
vocational education, child guidance 


tion, and sociological research are sor 


discussed. 


The Civilization of the Old Northwest 
W. Bonn, Jr. ix+543 pp. $3.50. M 


rhis is a study of the political, so 
development of the Northwest Territor 
tlement of Marietta in 1788 to the War 
author is professor of histor at th 


Cincinnati 


Diet and Personality. L. Jean Bo 
pp. $2.00. Maemillan. 


A discussion on fitting food to type 
The author attempts to give the avs 
woman facts and explanations which wv 
to adapt a suitable diet to their type 


living conditions. 


Tropical Fishes as Pets. CnHristTop 


xi+226 pp. Illustrated. $2.00. L 


The major portion of this book is dey 
tions and something of the natural hist 
fishes suitable for aquaria. There are c! 
assembling and chemistry of aquaria ar 


eases and diets. 


Eyes of the Wilderness. CHARLES G 
ix+269 pp. $1.90. Macmillan. 


A collection of short stories of ani: 
Canadian wilderness written with the | 
quainting the reader with the thoughts 
the animal kingdom. This book is the « 
author’s series of animal books. 











T] 


In 
il 
S Das 
S Vl 
ene 
1en 
d 
us 








THE SCIENTIFIC MONTHLY 


APRIL, 1934 


THE CONTRIBUTIONS OF SCIENCE TO 
INCREASED EMPLOYMENT 





A LETTER FROM 
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The 
questioned. 


PRESIDENT ROOSEVELT“ 
scientific 


To realize its true worth one has only to 


thought and research cannot be 


recall that human 
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THE idea that science takes away jobs, 
‘in general is at the root of our eco- 
nomie and social ills, is contrary to fact, 
is based on ignorance or misconception, 
is vicious in its possible social conse- 
quences, and yet has taken an insidious 
hold on the minds of many people. Con- 
scious of the fallacy of this idea, but 
1A symposium on Makes More 
Jobs’? presented at a joint meeting of the 
American Institute of Physics and the New 
s York Electrical Society at the Engineering 
Auditorium in New York on February 22. The 
uddress of Dr. Coolidge was broadcast from 
Schenectady by the National Broadcasting Com- 
pany. 
| A letter addressed to President Karl T. 
» Compton, chairman of the American Institute 
f Physies, on the occasion of the symposium. 


‘« Seience 
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health, industry and culture have reached, in a century of scientific prog 
ress, a far higher state than ever before. 

The idea that science is responsible for the economic ills which the world 
has recently experienced can be questioned. It would be more accurate to 
say that the fruits of current scientific thought and development, properly 
directed, can help revive industry and the markets for raw materials. 

By Dr. KARL T. COMPTON 
PRESIDENT, MASSACHUSETTS INSTITUTE OF TECHNOLOGY; CHAIRMAN SCIENCE ADVISORY BOARD 


PHYSICS 


characteristically intent on their work 


and averse to publicity, the productive 


scientists of the country have thus far 
taken little or no part in discussions of 
the subject. 
It has become evident, however, that 
the spread of this idea is threatening to 
reduce public support of scientific work, 
and in particular, through certain codes 


of the N.R.A., to stifle 
improvements in our 


further technical 
manufacturing 
processes. Either of these results would 
be nothing short of a national calamity 

barring us from an advanced state of 
knowledge and standard of living and 


soon placing us at an economic disad 


vantage in 


respect to foreign countries 
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who have not let themselves be swayed 
by such a short-sighted point of view. 
Consequently the New York Electrical 
Society and the American Institute of 
Physics are combining in a national ser- 
vice to combat this insidious and danger- 


ous propaganda. They do not, of course, 


hold that scientific and technical ad- 
vances have not brought difficulties, like 
social growing pains. But they strive 
to prevent us from killing the goose that 
lays the golden eggs, just because some 
of these eggs happen to be tarnished. 
They would advocate careful attention 
to polishing the eggs and encouraging 
the goose to lay more of them. In other 
words, they advocate intelligent and 
effective attention to remedy each social 
and economic difficulty as has accom- 
panied the advance of science, and at 
the same time they advocate the further 
advancement of science and its appli- 
cations for human welfare just as vigor- 
ously as possible. They do this because 
the effects of science on human welfare 
are preponderatingly good and benefi- 
cial. 

Now we might select any or all of the 
effects of science on human welfare as 
the chief point of our discussion to- 
night. We might, for example, call at- 
tention to the effects of medical science. 
Where would we be to-day without medi- 
eal science, which has one by one eradi- 
eated or brought under control those 
diseases which used to plague mankind 
and occasionally to decimate his num- 
bers? Before the days of science these 
were thought to be the results of the 
displeasure of gods and demons. Where 
would we be to-day without the sanitary 
engineer who safeguards our milk sup- 
ply and provides a safe and plentiful 
water supply and disposes of our gar- 
bage? In India, where science and engi- 
neering have not taken hold, garbage is 
handled entirely by human hands, by 
that group who constitute the caste of 





They are 


**untouchables.’’ 
able’’ because they earry filth 
ease. We might, for example 
tention to modern science in 
cation and transportation. W 
one like to go back to the days 
only communication was mouth t 
or by post-horse mail carriage, 
only travel was by foot or hors 
canoe? Would you like to gi 
comforts and conveniences of 5 
ern home, or the thousand 
things which add interest and 
and safety to life, which are pr 
science ? 

Think for a moment where 
be if our ancestors, alarmed 
progress of science, had taken st 
codes or by public sentiment to s 
progress! You now would be la 
these things which I have ment 
And if we, in this day and gene 
act to stop science, our descendants 
similarly miss the corresponding 
advantages which they might ot! 
have. 

Do not be tempted to think 
are now in a unique position, 1 
social and economic problems hav 
suddenly thrust upon us by scie 
that science has done what it 
mankind and had better stop. Ba 
ancient Rome the labor unions 
struggling with hours of labor, 
scab labor just as we are to-day. B 
in 1600 Bacon described our | 
economic and social problems and a 
pated some features of the New 
with remarkable accuracy wi! 
wrote: 


The first remedy or prevention is t 
by all means possible, that material 
sedition whereof we speak, which is, w 
poverty in the estate (state); to whicl 
serveth the opening and _ well-balar 
trade; the cherishing of manufactures; 
ishing of idleness; the repressing of wa 
excess by sumptuary laws; the impr 
and husbanding of the soil; the regulating 
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s of things vendible; the moderating of 
s and tributes. 
rasmuch as the increase < any estate 
must be upon the foreigner (for wha 
r is somewhere gotten, 1s som where lost 
be but three things which one natior 
th unto another—th« ommodity as nature 
th it, the manufacture, and the vecture, 
earriage; so that, if these three wheels go, 
th will flow as in a spring tide. 
And it cometh many times to pass, . that 


rk and carriage is worth more than thé 
al,’’ and enricheth a state more; as is 
bly seen in the Low Countrymen who hav: 


best mines above ground in the world. 


Above all things, good policy is to be used, 
the treasures and monies in a state be no 

g red into few hands, for otherwise, a state 
! have a great t starve; and 


stock and yet 


y is like much, not gz 0d except to be 


That great human benefactor, Pas- 
teur, had a grasp of the truth when he 
wrote: ‘‘ What really carries us forward 
is a few scientific discoveries and their 
applications. ”’ 

Those in charge of this meeting, how- 
ever, have chosen not to try to handle 
the whole field of science and its effects 
on society but to concentrate primarily 
upon just one aspect of these 
effects, namely, the effect of science upon 
employment. This is a very live issue 
in these days of unemployment. It is 
here that a misunderstanding of the 
effects of science are likely to be most 
dangerous, because of possible political 
influences. Let us therefore consider 
very briefly what these effects are. 

We will immediately admit that tech- 
nological advances frequently result in 
labor-saving devices which throw large 
numbers of men and women out of work. 
This is distinctly unfortunate. Its evil 
effects can be mitigated by wise handling 
of these new devices; as, for example, 
the American Telephone and Telegraph 
Company has handled its introduction 
of automatic switching so as not to 
throw employees out of work. 

But the other side of the picture is 


social 


immensely more significant in that 
major result of science is the © 


entirely new industries 


new human desires, and which n 
create a multitude of new jobs but w 
increase the per capita productiveness of 
men so as, first, to permit of ar re 
ing population which is 1 

starvation and misery and, sec 
reduce the hours necessary for men 
labor to produce their necessities 

in this way to give them their oppor 
nity to appreciate and eXperie! s 

of the better opportunities of living 
which formerly were available only t 


those of wealth or of politically favore 
position. 

Let me vive a f examples of w 
I mean: Two years ago was celebrated 


the centennial anniversary of the dise 


v 
ery of the principles of electromagnetis! 
which underlie practically all the mod 
ern electrical industry. According 

the 1930 census there were in this coun 
try about 360,000 persons employed in 
the manufacture of electri 
and and 
people employed in the distribution of 


trical machinery 
equipment, about 676,334 


electrical materials, exclusive of the field 


of communication, namely, the tel 
phone, telegraph and radio, which con 
tribute in addition an immense number 
of workers. 

Previous to the days of the automobil 
the 1900 census lists 976,000 individuals 
employed in the carriage and wagon in 
dustry, as manufacturers, drivers, dray 
men, livery managers, 
smiths, ete. Thirty years later, with the 
advent of the automobile, based on in 
numerable scientific discoveries and en 
gineering developments, the census lists 
2,409,394 engaged in this 
industry, exclusive of those involved in 
oil production. These figures have been 
corrected to for the 
general population in the same interval 
They show that while the advent of the 


stable black 


individuals 


increase in 


allow 
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automobile produced technological un- 
employment among carriage and harness 
makers, yet the net result for labor has 
been a 250 per cent. increase in the num- 
ber of jobs. 

We frequently hear a great deal about 


the advent of labor-saving machinery 
on the road which has thrown out of 
work many men who would otherwise 


be employed in road construction. An 


incident in this connection 


arose a couple of years ago in one of 


amusing 
the state legislatures in the discussion 
of a public works bill for road construc- 
tion. An amendment was offered to this 
bill providing that no labor-saving ma- 
chinery should be used in the construc- 
tion. The heated this 
amendment was brought to a close by 
the argument of reductio ad absurdum 


discussion of 


when a member of the legislature pro- 
posed a second amendment to the effect 
that laborers should be armed only with 
teaspoons in order that the number of 
jobs might still further be increased. 
What are the actual facts? Again cor- 
rected for increase in general popula- 
tion, the twenty years from 1910 to 1930, 
which witnessed the development of most 
of this labor-saving machinery, show an 
increase in the number of employees in 
road construction and repair from 203,- 
000 to 339,000 individuals. 

Such examples might be cited almost 
indefinitely. I would simply ask the 
question of where and when our serious 
unemployment problem should have 
struck if thirty years ago, to restrain 
technological unemployment in the car- 
riage and wagon industry, legislation or 
codes had been enacted which would 
have inhibited the development of the 
automobile industry. Such an action 
would have eliminated the source of in- 
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come which now supports about 
000 people of our population. 
I believe, h 





wever, that the are 


can be made more fundamental! 
than this. Man 
curiosity for new knowledge. 1 
the and 
scientific work. 


has an irrepré 
basis 
Man 


pressible desire to use his knowledg 


fundamental ur 


has also ar 


the accomplishment of his desires. 1 
is the basis of invention and of eng 0 
ing. These, I believe, are so funda Dr 
tally a part of human psychology 
they can not be fettered, though 
free exercise may of course be ham} 
or, on the other hand, 
The early Egyptians 

that a wheel driven by the current 
oxen could lift up water from th 
for the irrigation of his fields d 

worry this invention ri 

him of the job of carrying his wat: 
hand. He simply took advantage 

invention to increase his range of ii its 
ests and activities in other direct Ly 
He cultivated land, he « 
mented in early science, he built 
ments which he could not have dor mal 
he toiled morning to night carrying n 

water by hand. Similarly, I believe t a f 
in the last analysis the extent of man’s iS! 
employment is governed by man’s ir lool 
ent desire and urge to do something p 
science can relieve him of the 1 wa) 
routine tasks, he is free to turn his WI 
tention to other things which excit has 
curiosity or satisfy his desires. Il 
last analysis, therefore, I believe 1 


be encour 
who disco 


because 


more 





science simply increases man’s | I 
and the range of his activities. } som 
certainly, however, both theory and a 
perience prove more conclusivels 
science has made jobs, not taken 
away. 
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SCIENCE AND INDUSTRY 


By Dr. FRANK B. JEWETT 


VICE-PRESIDENT OF THE AMERICAN TELEPHONE AND TELEGRAPH CO 
PRESIDENT OF THE BELL TELEPHON ABORAT\ 
1 am a bit embarrassed, because Dr. ‘f scientific progress for over f 
Compton has upset the ecards. I had ex- I began to < into this quest 
‘ted to be at the end of the procession what science had rea 5 dont what ap 
S ind had assumed, as I think I had a_ plied science had done to affect 
right to assume, that Dr. Compton and _eiiving. 
Dr. Millikan would cover substantially One of the first 
| the grounds to be covered, and that I to be of first importance is what has hay 
ild come in at the end to give a few pened in the Western w is 
nerete illustrations in support of their thirty-five years or so, in compariso1 
theses. But by their having changed the what happened in the rest of the w 
rder of the proceedings, I will have to relatively. Let us go back to the peri 
the best I can. Both Dr. Millikan’ of time in the Middle Ages—or later 
und Dr. Compton, I think, as you will even up to the end of the eighteenth ce 


find, have very carefully prepared their tury. What you find is that goods wert 


ks. I did not. I assumed I would _ produced similarly in all parts 
ave a good deal of latitude. world and that consequently I 
This allegation, that science has shot progress was about the same throug 


its bolt and that there should be a holi- the world. 


iy on scientific research, of course, is Then something happened—at about 
nothing substantially new. Some of us_ the beginning of the nineteenth century 
have been hearing this thing for a good —in the Western world, which upset e 
many years, but it has reached its crisis isting conditions. That something was 


in this economic depression. That it is _ the introduction in the western society 
a false assumption, I think is quite of science—and the furtherance of the 
easily demonstrable, if one is willing to scientific principle in living conditions 





look at things in somewhat of a broad During the nineteenth century, and 
prospective. And if you look at it this more importantly, the first part of the 
way, you may be able to prove to your’ twentieth century, that influence has 
wn satisfaction that scientific research grown and what has been its result is 
has inereased, rather than decreased, that it is the only major factor which 
employment. has done more to correlate the markets 


It has been my lot in life to be a direc- of the Western world to those of the rest 
tor of industrial research and to see of the world. Consequently, if scientifi 
something of its workings—to know progress is not the sole cause of w 
about its workings—and to know a bit ever has happened to strengthen world 
about the application of science in vari- relations, it is the major factor in 
ous industries. Possibly because [ama changing existing conditions. During 
bit of a philosopher, partly because it is this period of time, the population of the 
my privilege to be interested in science, world has increased enormously More 
and partly because I was asked, some people have been added to the world’s 
three or four years ago, to deliver a population in that short period o 
paper at the semi-centennial of the than in any preceding time—an 


American Bar Association on a review have been added in the very places 








where science has found its work, in the 
Western world, in America particularly, 
and in Japan, the only one of the Ori- 
ental countries which has applied 
science. 

Now to the question that science has 
reduced employment. It has greatly in- 
ereased employment because it has in- 
creased the number of people gainfully 
occupied in its various aspects. Further 
than that, it has unquestionably in- 
ereased the pleasure and ease of living 
in the sphere in which it has been oper- 
ating. So much for the ‘‘look-see’’ at 
the situation. 

Let’s get down now to a little bit more 
specific proof of what science has done— 
is capable of doing—is capable of doing 
in the future. It has assembled the 
material achievements of the last hun- 
dred years and it particularly has assem- 
bled the achievements for us in the act 
of living. 

Let us see what progress resulted 
from the advance in the use of science 
in industry. At the time of the Centen- 
nial Exposition there was no telephone 
system, no electric light or power indus- 
try. There was no automotive industry. 
There were no aeroplanes—nothing 
which involved internal combustion en- 
gines. There were no chemical indus- 
tries, which have grown up in the last 
recent years. There was no motion pic- 
ture machine, no talking machine, no 
radio, no picture transmission. We can 
get up a list of things that are extremely 
important to-day, which did not exist at 
all at the time of the fair. Out of these 
have been built huge industries—the 
greatest outside of agriculture, which 
have given employment to untold thou- 
sands. 

One thing which this exposition did 
and which they did not expect it to do 
was that it acted as a great inspiration 
to the youth of the country, and the re- 
sult is a vast expansion to the applica- 
tion of science in an enormous number 
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of industries and activities whi 
not so been benefited before. 

Dr. Compton has indicated t 
normal times there are one-half 
people employed, in the operation 
telephone business in this count: 
we subtract what we have 
through scientific research in tl] 
fifteen years, if we go back to tl 
of the world war, the utility of t 
phone as an instrument in our soc 
economie life would decrease so mu 
to cut the magnitude of its force 
than half of what it is now. You 
have no radio broadcasting, no 
talking pictures—you would have 
of these industries which has grow 
within recent years and which have 
employment to large numbers of p 
directly employed, or those indir 
employed in these industries whi 
sulted from scientific research a1 
velopment. 

Of my thirty years of industria 
search activity, I cannot find a si! 
instance where a scientific achieve 
has resulted in a reduction in em] 
ment. In nearly every case, more 


has resulted and there has been a bett 


ment of living conditions. It is tri 
Dr. Compton has pointed out, that b 
fits of scientific research flow t 
classes of the population, and ever 
least competent of the people find 
selves a step further from the stary 
line. 

If one is willing to look at facts 
broad perspective, it seems to me 
one can not but see that history, 1 
last 150 years at least, has proven 
scientific research, applied to the ! 
of life, has resulted in better living 
ditions and an increase of employ! 
for people who are gainfully work 
scientific industries. I think that 
argument to the contrary is bas 
complete ignorance, or based on 
narrow survey of specific, unré 
facts. 
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Dr. ROBERT A. MILLIKAN 


BRIDGE LABORATORY 


rOR, NORMAN 


world’s worn cog 

to the dog 

house of log 

things were going to th 
dad amid the Flemish bogs 
ed ugh! We’re going to t 

I ave-man in his queer skin 

Snarled Gad! We’re going to 


I’d like to state 


the 


roing 
going 


notes 


grandad 
we’re 


i says 


grandad in his 


this is what 
e dogs have had an awful wait. 


Ir any of my auditors to night doubt 
at the common man, called above ‘‘my 
randad,’’ is vastly better off here to- 
lay in depressed America than he has 

r been at any other epoch in history, 

¢ of you to begin to read carefully 
bit of that history—or if you haven’t 
ime for that, then to make friends with 
some historian and pump him on the liv- 
ing conditions of the common man in 
iny preceding age as compared with 
those existing right now in the midst of 
the world’s greatest depression. 

If you can not take time to acquire the 
knowledge which comes from one or the 
ther of these procedures, then all I have 
to say is you could not take even a 
bachelor’s degree from the California 
Institute of Technology, for every one 
f our graduates gets four straight years 
ff English and history in the broad 
sense of those terms, and that because 
scientists and engineers who are to be 
the leaders of the future can not pos- 
sibly lead wisely unless they have a good 
leal of familiarity with what man has 
achieved and discarded in the 

also of how and 
al life has evolved into the present. 
If that kind of knowledge and _ back- 
ground had been the lot of who 
have written and talked voluminously 
during the past five years, the world 


thought, 


past his economic 


some 


would have been spared the term ‘‘tech- 


OF PHYSICS, CALIFORNI 


ave which has 
onfuse the pi 
If you haven’ 


the foregoing 


ask 


you at Ii 
read a brief arti 
son published in 
of the Reader’s 
Time Like the 
statement of hist 
eye-opener to some 
In suggesting 
not trying t 
are. 


ment with thn is they 
merely trying to start my address with 
+} - 41 4 " 
the evidence that enormous progress has 


been made, so that I may be in pi 


to attempt to show how and why 
It is my hope that in 


come about. 
f publie tl 
ing may be somewhat clarified and 


way the muddy stream o 


road to future progress made more 
Let me first quote Mr. Robinson’s ¢ 
clusions from studies. He 


Says, ‘*For all its chafings and imperf 


his historic 


age is superior in security, 


our 
comfort, 


tions 


leisure and economic rewards 


to any other period or condition of life 
that 
drenched world 
of political justice, 
tion, health, happiness and human sym- 
been no time 


ever existed in this sweating tear- 


**TIn terms 


Or again, 


economic opera- 


pathy there has, as yet, 
like the present.’’ 

gut I hear my friend Mr. Upton Sin 
clair and other equally ‘‘clear thinkers’”’ 
of his school saying, ‘‘ How can Mr 
ridiculous statements like 


inson make 


that about the 


United States which has 


developed under a System that has now, 
the 


broken 


shows. complet ly 


. : 
lanr , 
aepression 


Of 


as 


course the answer 


down ?’’ 
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to that statement is that there isn’t any 
evidence that the depression shows any- 
thing about it; that since depressions 
galore have happened under all systems 
we shall have to take a longer look before 
we can draw any sound conclusions ; and 
when I do that a quite different answer 
seems to me to stand out with great 
clearness from the pages of history. 
For there, one sees ereat stretches of 
time in which with many depressions 
and revivals within them there has yet 
been on the whole a continuous upward 
Such a period apparently lasted 
for thousands of years in Egypt before 


swing. 
decay set in. In both Greece and Rome 
it lasted for hundreds of years before 
dissolution. In England there seems to 
have been a rather continuous upward 
trend for a thousand years and she is 
And in America we 
think we have been on the upgrade for 
200 years and we are far from being 
willing to admit that we are yet done. 
As I read history, wherever and when- 


going strong yet. 


ever conditions have been such as to give 
opportunity to many individuals to de- 
velop industry, thrift, self-reliance, re- 
sourcefulness and adventurousness—in a 
single phrase, wherever and whenever 
the average citizen has been given the 
opportunity and the stimulus to achieve- 
ment, there and then you have had an 
age of Pericles, of Elizabeth, of George 
Washington, of Victoria, of Theodore 
Roosevelt. Note, too, that industry and 
thrift underlie it all, for the adven- 
turer cannot set forth into any un- 
known land, geographical, commercial or 
scientific—and it is that kind of adven- 
turing alone that makes for progress— 
until he has accumulated enough provi- 
sions to support him in his expedition. 
There you have the whole of the theory 
of so-called capitalism. If I read history 
aright, any system or set of conditions 
which furnishes wide opportunity for 
individual initiative, which inspires 
many people to thrift and to adventure, 
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makes for progress, while any soft 
nalism which kills that spirit mak 
decay and retrogression ; for a1 
obviously nothing but the compos 
the individuals that unite to mak 
have shuddered recently to hear 1 
high place in American life belitt 
old-time virtues of industry and 
the discovery of which as funda 





virtues is probably the greatest 
ment of the human race to date 
scending in importance all our s 
discoveries put together, for 
underlain them all and made th 
sible. Once lose that attitude 
are gone! 

This doesn’t mean that I am 
for a laissez-faire system or that | 
approve regulatory, governmental 
lation of the proper kind. In my 
ment 
have both been historically f 
have had the words mene, me? 
uvharsin (‘‘thou hast been weig 
the balance and found wanting’’ 
ten upon their walls, and we must 
fore take some intermediate cour: 
am merely trying to lay down som: 
eral principles which, if I have 
the lessons of history aright, must 
that course. Our American pub 
ity system, for example, represent 
I see it, the Anglo-Saxon’s genius 
finding an intermediate course be 
two extremes, laissez-faire and gov 


laissez-fatwre and state s 





ment ownership and operation of 
try, both of which have miserably f: 
It has of course been subject to abuses 
but I look for their correction and 
extension of the underlying princip! 

But what has all this to do 
science and its applications in the n 
ern world? Everything! For pra 
eally the whole of the modern w 
governmental and otherwise, is bui 
science and its applications, and 
the spirit of industry and thrift 
adventure that has created m 
science. 
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Just now in the midst of this depres- 


certain voices are raised which 
unsel us to soft-pedal on science, at 
ast until the rest of the world has 
ivht up. L therefore propose to con- 
ler now how much wisdom there is in 

Ss eounsel. 
efore treating it seriously, however, 
me first smile with you over the ex- 
traordinary adaptability of a depression 
to the needs or the purposes of every 
demagogue as well as every sincere but 
nseeing reformer to exploit his own 
though 
a 


sometimes unconsciously, his own self- 


particular nostrum and also, 
nterest. There are quite as many causes 
f the depression as there are people who 
ive different axes to grind. Quite ob- 
livious of the fact that the depression 
is been world-wide and the upswing 


ry ? 
tl t 


equally world-wide and there- 
re necessarily essentially independent 
’ our local issues, Democrats and Re- 
publicans alike, and some normally in- 
lligent ones, too, blandly charge their 
take 


the goods. 


opponents with all the ills and 
eredit to themselves for all 
Such is the way of politicians and always 
will be as long as there is an ignorant 
and undiscriminating electorate to which 
they must appeal. 

But now leaving behind 
things, for what is science actually re- 
sponsible in this American civilization 
of ours? Let me first give to that ques- 
tion the answers upon which there will 
and can be no essential disagreement. 
Science and its applications have so in- 
creased the efficiency of labor that here 
in the United States we produce more of 
the fundamental food-stuffs, clothing, 
building materials and fuels than we, 
just now, know what to do with; and in 
spite of the present jam in our social 
machinery which we call the depression 
the great bulk of all this produce goes 
now, and always has gone to the common 
man, that is, to labor. So nearly is that 
true that any economist will tell you 


us childish 


*y < 
oUD 


that the 

ferent ce l 

eral direct 

product 

habitant. That 

depression the 

has remained re 

has been no appree 

in Russia, where 

and stimulus t 

been removed t!} 

not less than five m 

to Vhiting 

death last year 

that the well-b 

Is incomparably 

when at its wors 
In the second 

forth no figures 

that the pr 

about by the apy 

America, has open 

man the opportunities of lei 


} 


he has 


never know 


When in 
week for the comm: 
before 

f 


vistas of a her 


or place. 
heard of 


civilization 
instead of 
backs of the 
Athens 
only teach the ¢ 


can 


seen anes 
mmon man to 
leisure for his ' 
of for his deteri 
often 


dary educational system ha 


now! Thi 


opportunity. 
About the f 


regoing contributions 
science to our civilization there w be 


no controversy. it now comes the 


question upon which the publie mind has 


become much confused because of 


men 


liking as I think than they 


who do more ta 


do thinking. These men say ‘‘science is 
and 


lence 


responsible for unemployment 
therefore for the depression. Se 
through labor-saving devices is all the 


time destroying jobs by means of which 
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men live.’’ The answer to this charge 
is that it is true, but like most delusions 
it is only half the truth and therefore 
fundamentally false. The other half is 
that every labor-saving device creates in 
general as many, oftentimes more, jobs 
than it destroys, and the new jobs are 
better for the individual 
affected, and much better for society as 


in general 
a whole than the old ones. Labor-saving 
not in general destroy the 
demand intelligence. They 
The erinding, 
routine, deadening jobs are the ones that 
machinery destroys. In a word, the 
world’s drudgery that used to be done 


devices do 
that 
cannot do it. 


jobs 


heavy, 


by human slaves is now done by soulless, 
feelingless iron slaves, and the human is 
freed for the more interesting jobs of 
building, running and keeping in order 
the machines of his creation, or of ren- 
dering the public service which the ex- 
machines has made 


istence of these 


necessary. Even if these occupations do 
not employ all the displaced labor the 
rest of it the educational 


wants that society can now embark upon 


ministers to 


because of its increased economical well- 
being. 
The 


primarily in 


of civilization consists 
the multiplication of 


If you want a stagnant 


progress 


human wants. 
civilization you have only to destroy the 
influences that cause these wants to mul- 
tiply. The automobile industry has be- 
come a largely mechanized one and has 
destroyed the Studebaker buggy busi- 
It uses still a certain number of 


ness. 
operatives with plenty of leisure and 
good pay to tend its machines-——and 


but look 
rather at the hundreds of thousands of 


don’t for a minute pity them 


good jobs that it has created in garages 
and service stations. It takes a brain 
to be a trouble man in a garage—as in- 
teresting a job to me as exists on earth— 
and the service station men! Why, they 
have improved the manners and the 


and the consideration of the 


courtesy 
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American public more than all tl 
leges in the country put together . 
don’t call them ‘‘professor’’ yet 
they are doing quite as big an edu Ss 
tional job as are most of us prof: 

This is but one illustration, but 
typical of the 
the long-range view, not the short 


whole 


process. l 


one, I have no hesitation whatever R 
saying that there is no such thing 
technological unemployment. By 

authority do I say that? By thea 

ity of the official census of the | 

States. 
centage of the population ‘‘gain{ 

employed.’’ This per cent 

1880 and almost exactly 40 per ce . 
and it 


This lists every decade the 
was 34 


1930—a depression year 


shown a decad 
decade, save for a negligible drop f: tion 
1920—when war were § es 
on—to 1930. In 
precise period in which science has | ati 
applied most 
percentage of our population living 0 


steady increase 
conditions 
other words, i 
rapidly to industry 


means of jobs has continually increa 
—comment enough on the sound: 
the judgments of those who attribut: nd 
depression—which seems to me to | stag 
fact a purely social phenomeno: L 
technological unemployment. 

One more point and I am done. T 
idea that it might be wise to let th 13 
velopment of the natural sciences \ 
until the social sciences have caught 
is another idea that in my judgn 
rests upon very muddy thinking. W! 
Because it is the change in the condit 
of living brought about by develop 
in the natural sciences that very 
makes possible an advance in the s 





sciences. For example, if we had fou A 
no other way of propelling our war sh)| tors 
against the enemy than that which 

open to the Greeks and Romans, nan pret 
by chaining human slaves to the « jues 
locks and lashing them to their tas lost 
may well be doubted whether we s! rues 





‘ 


not be doing to-day just this thing 
the Romans did 2,000 years ago. 
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cain, when the cause of yellow fever Daniel Guggenheim 
liscovered by science an enormous tory at the Califor 


d i 
ling to the 


advance became for the first time 


a 
e, or when Lauritsen first per- |] 


‘cor’ 


Jouglas Company, 


i four years ago a million and a_ speed was added to 
volt x-ray tube and started with miles of eruising sp 
Seeley Mudd that elaborate and [os Angeles to New 
y scientific research into the effect 
radiation upon deep-seated can- more than one asp 
essentially social struggle portation and 
iinst one of mankind’s greatest SO ae an 
irges entered upon a new phase. “ pr osaige tage 
Again, the social scientist looking at ial but se 
r from the historic standpoint de- 
at Boston last December that 
ping for its elimination was as silly aft tanlihetee 0 


is hoping for miracles. He forgot that 


long. Men may 
human laws m: 


. lie opinion. 
e developments in the natural sciences ‘al 1 
~ aaa sar social progre ; 
re rapidly rendering it inimical to na- ;' . 
co , vo backward instead of 
tional interests to embark upon an ag- a as 
eressive war. So soon as the jingoes 
ave seen that light or have ruined their 
iations by shutting their eyes to it, an- 
ther social miracle will have happened. 


Once stop the development of the natu- 


eoveries and developm« 

mune from political ans 

influences, for its unchanging laws are 
+ af ot? written in the heart of the universe and 

sciences, and the chief stimulant to tape 

progress here is tl 


all the ages vet 


natural sciences are 


e progress of civilization disappears 
ind the social scienees will begin to 
stagnate also. 


. ° > - ‘Y “~Ine ‘ tha 
Let me give you just one further illus- ‘ during and tl 


tration that is very near at home for me. S0Ccial sciences L 
[he new big Douglas passenger plane deep into the min 


is been for long months past in the stay their progress 


SCIENTIFIC DEVELOPMENTS AND THEIR 
APPLICATION 


By Dr. W. D. COOLIDGE 


DIRECTOR OF THE RESEARCH LABORATORY, GENERAL Ef 


arrow 


>i 


A QuEsTION frequently asked by visi- We all know that our present civi 
rs to our laboratory is, What will the tion is based on engineering. To real 
future bring? Of course we make no how completely this is so, we need « 
pretense to gifts of prophecy, but the to imagine what would ha on t 
question is not a foolish one, for the modern city if all 
‘losest one can come to an intelligent ing were suddenly 
guess is by studying current scientific city without elec 
developments and their possible applica- with no motors to drive its mac! 
tions. pumps for its water supply, no trol 
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cars, buses or automobiles for transpor- creased and new weapons of mary 
tation, no telephones for communication, range and accuracy have been dev 
no railroads for bringing in food or for for attacking the unknown, so 1 
shipping the city’s products. That city though the terrain grows more d 
would survive about as long as a snow-_ the forward drive is steadily gair 
ball on a hot pavement in July. momentum. Great as has been t] 
So this much we may safely predict ress of the past fifty years, we 
about the future. Whatever life may be sure that it will be far surpasse 
like fifty or a hundred years from now, next fifty. 
we may be sure that the comforts, con- The existence of our laborat 
veniences, conditions of labor and of been almost contemporaneous v 


recreation—in short, all that determines development of the newest 


the standard of living, will depend on physics—electronics. The electr 
the engineering developments that will first identified by J. J. T 


homs 
have occurred in the meantime. England less than five years | 
Now engineering is simply applied laboratory was founded. 
science. Just as the engineering of to- have taken active part in 
day sprang from scientific researches of ment of the present great 
the past, so the engineering of the future electron tubes which are alread) 
is being shaped by the scientific re- man in multitudinous ways. Ws 
searches now in progress. That is why the radio tubes which made broad 
the best guess as to the future may be possible, creating a new art wi 
formulated only by a study of recent employment to tens of thousa 
scientific developments and their possi- entertainment and instruction 
ble applications. lions; we have the tubes whic! 
There are two things that must strike voice to the motion picture and 
any student of current scientific prog- creased the range and potentia 
ress—the constant acceleration of that the cinema art; we have the im; 
progress and the closeness of its ap- x-ray tubes which have so strengt 
proach to the fundamentals of the uni- the hands of the medical profess 
verse. its war on disease as to have saved 1 
In each generation there are those who lives and much human sufferi 
think that so much has been accom- have tubes which are producing 
plished that the end of progress is near. more efficiently than our best 
I believe it was more than fifty years ago lamps; we have the tubes which, 
that a commissioner of patents resigned dustry, are beginning to take over 1 
because all worth-while inventions had control jobs and inspectional jobs, « 
been made and the Patent Office would them better and quicker than a | 
soon be useless. It was less than fifty operator, and thereby carrying 
years ago that an eminent physicist said work, begun by the electric m 
that all the fundamental discoveries had __ relieving labor from drudgery, he! 
been made, and yet, almost as he said it, ing its efficiency and thereby 


M 


a series of discoveries was beginning standards of living; and we | 
which has resulted in far greater prog- supersensitive tubes which are e! 
ress toward an understanding of funda- astronomers to pry into secrets 
4mentals than had been made in all the far depths of space hidden from t 
“previous history of man. and from the photographic plate. 

It is true that the most obvious things Thus physical research, throug 
have been discovered, but the army of discovery of the electron, has addi 
scientific workers has enormously in- human enjoyment, decreased human s 





CONTRIBUTIONS OF SCIENCE TO EMPLOYMENT 


¢. raised the standard of living and ntold benefits 


} 


nppued 


tending scientific knowledge. 


new and powerful tools for 


e same forty-year period has seen 
responding advances in other fields. 
research has gone far toward 
under control such diverse . 

d dire diseases as tuberculosis, dia- new and certain 
tes and leprosy. We may confidently that is paved, 
xpect that in the next forty years such experiment. 
urges as cancer and pneumonia will 
lose much of their terror. NOTE: 
So the new discoveries in physics will 
surely bring, in ways we can not defi- 
nitely foresee, new and great potentiali- 
ties to civilization. Those potentialities, 
properly applied, should bring to all 
mankind new products, increased effi- 
‘iency, shorter working hours, more 
leasures, comforts and conveniences, 

tter health, all that goes to make life 

cher and happier. If our economic 
system is not flexible enough, nor our 
statesmen and economists wise enough to 

dify it, so that these potentialities 

ay be realized without unemployment 

nd suffering for many during the in- 
evitable swift transitions, it will be a 
isaster. But that disaster can no more 
be blamed on the scientist or his re- 
searches than the chemist can be blamed 

his discoveries are diverted, by the 
‘rimes of political leaders, from their 
beneficent potentialities in the arts of 
peace to the wholesale destruction of 
uman life in war. 

We should not worry about the ad- 
vances in natural science. They hold 








RACING CAPACITY IN THE THOROUGHBRED 


HORSE 


By Dr. HARRY H. LAUGHLIN 


CARNEGIE INSTITUTION OF WASHINGTON, COLD SPRING HARBOR, NEW YORK 


PART II. THE INHERITANCE OF RACING CAPACITY 


THE DEVELOPMENT OF A MATHEMATICAL FORMULA BY WHICH NATURE TRA 
Racine Capacity From ONE GENERATION OF THOROUGHBRED 
HorsEs TO THE NEXT 


Tue Thoroughbred or running horse 
has been bred for more than 300 years 
by some of the world’s most skilled 
breeders of domestic animals. Substan- 
tial resources have been placed at their 
disposal. The basic aim in this breeding 
has been to increase the speed of the 
running horse without sacrificing its 
ability for sustained effort in distance- 
going and for weight-carrying. Noth- 
ing is more soundly demonstrated in 
practical breeding than that racing ca- 
pacity tends strongly to run-in-the- 
family, and that heredity plays a major 
role in its production. What rules, then, 
govern its inheritance? 

Throughout the present researches 
much consideration has been given to 
past investigations of the breeding of 
the Thoroughbred horse, particularly 
whenever such studies touch on the in- 
heritance of racing capacity. These 
studies have supplied a wealth of mate- 
rial, but too many of them have assumed 
a theory of some sort at the start, and 
then proceeded to bolster it up by se- 
lected evidence—the method of special 
pleading but not of scientific investiga- 
tion. The only points upon which all 
investigators—biological and mathemati- 





eal, practical and _ theoretical—have 
agreed are that racing capacity is a very 
complex quality, that it tends strongly 
to run-in-the-family, and that care and 
training of an exacting nature are neces- 
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sary to bring out inborn capa 
viously, our present task is 
more exactly just how this 
ment runs-in-the-family. In 
the order of precedency must 
first and theory second. Ace 
the present investigation will 1 
with any theory. It will first s: 
the most accurate mathematica! 
which can be found for the be 
Nature in transmitting racing 
from one generation to another 
Finally, in possession of an : 
yard-stick for the measure of ra 
pacity in the individual horse 
ready to examine the basic genet 
lem: ‘‘Given a stallion and a m 
a group of their nearest blood-ki 
with a definite racing record 
ord in terms of sex, age, weight- 
distance-run, track condition, tru 
of the running, and speed—what 
racing capacities will their offsp1 


possess?’’ That is, ‘‘ What is the pr 


ability that a pre-selected one 
foals will possess a racing ca} 
within definitely pre-selected limits? 


NATURE OF Racine CAPACITY AND 1 
MENDELIAN Try-OvUT 
Racing capacity in the running |! 
involves nearly every natural res 
of the animal. It is a complex fun 
which calls on physiological and ner 
quality, together with the entire 


ns 



























1 structure of the individual. It 


a 


‘ arlw as al anv anality 
s, aS nearly aS almost any quality 


LS iu 


which we can conceive, a function of 


Consequently, 


organism as a whole. 
use it depends upon the whole or- 
ism, it is in the horse the result of the 
, itic development of the thirty pairs of 
mosomes, each doubtless with many 
Then racing capac- 


- from being a ‘‘thing present or 


reds of genes. 
bsent.’’ or based upon a single gene, is, 
ts hereditary aspect, more probably 
sed upon the developmental interac- 
f many thousands of genes. 
Practical breeding has contributed 
substantially to determining the essen- 
tial genetic nature of racing capacity. 
The rules by which Nature governs the 
eritance of this very definite fune- 
tional entity in the Thoroughbred horse 
not the rules which govern the seg- 
regation and the additive recombination 
ff a few genes in the manner followed 
when the Mendelian formula is applica- 
ble. In Mendelian genetics a definite 
somatic trait—functional or anatomical 
recognizable developmental 
product of one or more definite genes in 
the chromosome. 
ent in certain alternative combinations. 
Each such combination results in a defi- 
nite somatic phase. These facts, to- 
gether with the supporting discovery by 
the eytologist about the mechanical be- 


is the 


rr 
These genes are pres- 


havior of chromosomes and chromomeres, 
have constituted the principal founda- 
tion stones of modern genetics. Random 
segregations and recombinations of chro- 
mosomes in ‘‘building the gametes for 
fertilization,’’ and the facts of fertiliza- 
tion itself, give the mechanical basis 
for predicting the mathematical prob- 
ability that the offspring will possess 
a particular set of somatic traits. Thus 


Mendelian prediction is always based 
upon the distribution of the subject-trait 
among the antecedent near-kin, plus the 
idealized picture of the behavior of the 
gene and its chromosome. 

3ut, while this is a most fundamental 


THE THOROUGHBRED HORSE 


fu 


principle of modern genetics, it is 
most ol » qua Ss i] iz 
icLu p | } y? i ° N 
is the , 
bi \ ‘4 eV ] 
n orte p SS 1 ’ y S 
only the ’ 
havior 
As « rs Ay elia or e 
with sound cytological explanation, t 
good procedure re} study « 
any specific quaiit whe stru l 


or functional, requires that the M 


ju 
delian formula be tried t, and t 
cytology of the matter be gone into. Ac 
cordingly these researches many times 
examined carefully the possibility 
terpreting the observed phenomena 


terms of the Mendelian formula 

As a preliminary research the services 
of Dr. Theophilus §S 
eured to make a careful study of the 
chromosomes of the Thoroughbred horse 
He found the haploid chromosome num- 
ber to be 30, and the usual mammalian 
x-y sex-type. This was a definite con- 
tribution to the cyt 
but it 


directly to our abilitv to predict racing 


wey of mammalian 
cenetics, contributed nothing 
eapacity in offspring 

Most studies in heredity look to the 
development of a prediction-formula 
The present researches on the Thorough- 
We must 
mathematical 


bred horse are no exception. 


then compose the correct 
picture of how Nature behaves in trans- 
mitting racing capacity from one gen 
eration to another. If we could tie-up 
prediction-formula with the 


mechanism of heredity, as shown by the 


such a 


eytologist in his microscopic study of 
germ-cells and chromosomes, the study 
would be all the more satisfactory. But 
whether we can do this or not, we must 
first have a correct mathematical picture 
of ‘‘how it is’’ before we can seek hope- 
fully to find out ‘‘ why it is. 

A structural quality 1il 
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ke stature in 
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RACING CAPACITY IN THE THOROUGHBRED HORSE 


man, or a functional quality like racing 
capacity in the Thoroughbred horse, far 
from being based upon a single or a few 
Mendelian genes, is, as we have seen, 
doubtless the developmental end-product 
of a great many—possibly a thousand or 
more—genes. In the course of develop- 
ment these genes interact, some accel- 
erating their fellows, others cancelling 
what otherwise would be high plus- 
effects in the individual. The resultant 
is that, keeping environment constant, 
the pre-selected individual offspring will 
possess the particular quality in an end- 
value somewhere on a scale ranging from 
very low to very high. Although such 
a quality may be definitely measurable, 
its constituent nature is vastly too com- 
plex to be attributable, in Mendelian 
fashion, to the additive combination of 
a few genes. Geneticists can not yet dis- 
sect a single complex quality, much less 
any whole animal organism, into its con- 
stituent Mendelian genes. In such a dis- 
section each gene would have to stand 
for a definite part played in the develop- 
ment of a quality—good or bad, struc- 
tural or functional—of some sort. 
Doubtless, with a very few exceptions, 
each quality of use in practical breeding 
is based upon many genes, and each such 
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gene, in turn, contributes, in some mai 
ner, to a great many—possibly hundr 
—measurable structures and functions 

Attempts to throw critically judged 
and later accurately measured, racing 
capacities into classes, and to postu 
one, two or three Mendelian units as t 
genetic basis for variation in transmitt 
racing capacity failed to give any « 
sistent interpretation. It was necess 
to strike out anew. 





FORMULA FOR THE INHERITANCE 
Racine CAPACITY IN THE THOoR- 
OUGHBRED HorsE 
Poetically a horse ‘‘ has racing ca} 
or he has it not.’’ But, in fact, 
capacity ranges continuously in d 
ent horses from B.H.=0 to B.H 
—the latter just a trifle above 
o’War’s rating. Granted that racing 
capacity in the individual horse depends 
upon the working out of a vast gr 
of genes in the course of development 
and that the quality of racing capaci! 
is highly hereditary, the formula for t! 
inheritance of racing capacity must 
read: ‘‘The Probability that the pr 
indicated or random-selected foal 
particular sire and dam will develo; 
racing capacity within definitely nar 














MATHEMATICAL MODEL OF rH! 
NG CAPACITY IN HE OFFSPRING OI 
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limits, as a function of the prediction 
index.’’ In general terms the formula is 


P-f (PI, OCR 


In this P = Probability; PI = Prediction 
index ; and OCR = Offspring-class-range. 
Thus the task narrows down to ‘‘Just 
what prediction-index, just what off 
spring-capacity-range, and just what 
funetion?”’ 

Fig. 4+ gives in detail the operative 
formula for the inheritance of racing 
capacity; and Fig. 5 shows its mathe- 
matical model. This model is so con- 
structed that it may be used for the 
graphical solution of the formula. One 
of the three Cartesian codrdinates fore 
and aft—represents the prediction-basis, 
another—right and left—the center of 
the offspring-class-range predicted, and 
the third—the upright codrdinate—rep 
resents the probability that, when the 
selected value of the prediction basis is 
used, the offspring will fall into the 
-elected offspring ¢class-range. Set one of 
the model-pointers over the selected pre- 
diction-basis; set the other over the mid- 
offspring-class range ** predicted.’’ Then 
adjust the two arms so their points will 
meet on the surface of the model. Then 
swing one arm-point to the vertical co 
brdinate-seale; the point-height thus 
measures the probability that the se- 
lected value of the prediction-basis and 
the selected offspring-class-range will, in 
actual breeding, fall together. 

The prediction-index is here called the 
futurity index, or F.I. It is composed 
entirely of racing capacity values of a 
group of the nearest blood-kin antece- 
dent to the foal whose racing capacity 
is predicted. Each near blood-kin con- 
stituent of the  prediction-basis is 
stressed or weighted the proper amount, 
determined by experience to give the 
most consistent series of predictions. 

It must be remembered that the racing 
capacity of each of these kin is com- 
puted from actual race-performances. 
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The real substance of the pre 


heredity, then, goes back for its « ” 
to actual race-performance of the 
dent near blood-kin, with due 
tion for sex, age, weight-carri 
tance-run and speed attained, ot} 
tors being equal. For each Ind 
kin, such a record thus duly con 
its real ** past-performance. ’’ 


Experience has shown that th: 
blood-kin—direet and collateral 
tute a sounder basis of predict 


racing capacity in the foal tha 
worked out by tracing descent 
few dilute ancestral lines. That s 
of the near-kin index of the sir: 
the dam, which goes into th: 
index is called the breeding 
Thus the breeding factor of the sir 
the breeding factor of the dam, 
the futurity index of the contemp 
foal. The prediction-basis, that 
futurity index, is the hereditary p 





of the foal. Such promise may b: 
puted before the foal is born, or 
before his sire and dam are mated 
the contemplated mating does not 
cate a desirable hereditary promis 
actual mating need not be made 

In this prediction-basis or futu 
dex, the breeding factor of the sir 
obtained by placing equal stress 
the racing capacity of his sire and 
dam—one sixth each; upon the r 
capacity of the sire himself—one t 
and upon the racing foals which |} 
already produced—one third for 1 : 7 
group. Similarly the breeding fact | 
the dam is computed. Equal str 
placed upon the sire and the dam ‘ 
stress-equality is purely empirica 
after many ‘‘trials and errors,’ 
found to constitute a very good p! 
tion-index. A better prediction-in 
of course, possible both theoretical 
practically. Studies are now unde! 
designed to find a theoretically ¢ 
stressing for antecedent near-kn 


index of this sort. The practic 
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FAIR PLAY. CHESTNUT COLT, FOALED 1905, BY HASTINGS, OUT OIF 
FATRY GOLD 


FI—116.68 Rt 125.75 NKI 120.71 Bl 61.25 
FarR PLAY WAS THE SIRE OF MAN O’WAR AND OF MANY OTHER OUTSTANDING AME! 
OROUGHBREDS. BY COMMON CONSENT HE IS RATED AS ONE OF HE GREA RES OF 
se is to find a prediction-index whicl The prediction-technique here 
make the mathematical model of the ut is ealled ‘‘owive-regression-prob 
mula ‘‘very tall, steep, and narrow.’’ bility.” It is so called beeause in 
the present all computations of procedure which found the present oy 
bability of a given racing capacity erative formula of heredity 1 rac 


I] 
pearing in the offspring are based capacity in the stock sampled, these 
pon the Futurity Index, as above’ three principles were used. First the 

stressed futurity indices were ranged as a1 
While the above stresses in the futur- ovive, next the meat racing-capa 
index have been used in the present’ value of the offspring which each futur 
rmula, such stresses need not be the ity index actually produced was plotted 
last word. The formula is flexible : with on the same seale The straight-line 
further research we can re-weight or re- fittings for these two series of data 
stress the several near-kin until a new  futurity indices and the mean offspring 
weighting or re-stressing does not  values—show a typical biological regres 
duce a better prediction-result. The sion. Hence the second term in the 
resent unrefined formula is a basic tool name of the present technique. The 
machine supplied with an ‘“‘ | 
mechanism’’ for its own perfec- by analytics from the prediction-basis 


adjust- mean-offspring-value line is compute 


; and the test for moving in the di- or futurity-index line. The straighten 


n of truth is better prediction. lines of the prediction-basis 






















breed-group. If this were the end of the 
problem, the solution would be relatively 
simple, but the regression line must be 
treated as a fluctuation center for off- 
spring values. Here the third term of 
the name, probability, comes in, for it 
computes the likelihood that a given off- 
spring will fall within a definite range, 
the range-center of which is a definite 
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MAN O’WAR, CHESTNUT COLT, FOALED 1917, BY FAIR PLAY, OUT 
OF MAHUBAH 
MAN O’WAR IS BY GENERAL CONSENT RATED AS ONE OF THE BEST THORO I \ 
WHICH THE BREED HAS EVER PRODUCED. BY THE PRESENT MEASURE OF RA‘ AI 
REDITED WIT 4 BIOLOGICAL RACING CAPACITY OF 139 

mean offspring produced need not distance from this fluctuation 
actually cross at the mid-value of the measured on the racing capacity s 
strains actually sampled; they only It is noticed in the mathe 
point toward a crossing which is the model of the formula of hered 
point of no regression for the particular racing capacity (Fig. 5) that 1 


values of offspring show a sudd 
cline in frequency as the higher 
are attained. This seems a reas 
phenomenon, for in striving to atta 
higher levels we should not logica 
pect aS many nor so great succes 
the plus direction as we find fail 

the minus direction. This exp: 


is here borne out by the mathe 
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of how Nature actually behaves 


breeders try, by rigorous selection 
rrove the breed of the Thorough 
factor 


Fig. 5 


This 


unning horse 


ved shape to the mode] 


OVERLAPPING PROBABILITY 
Practically it happens, and theoreti 
the present 
happen, that 
of Thoroughbred sire and dam 


t 1S by findings ex 


| to almost any 


Fives 


m oceasion produce almost any 
capacity in the offspring. But, 
ling on the racing capac ties ot 


's near-blood-kin, the probability 


nborn racing capacity Of a certal 


T\ will he possessed by a pre selee ec 


mal is many times the probabi t\ 

e same Toa will possess a cer 
ther inborn racing Capacity. The 
esent study of many Thoroughbred 


show how 


r 


to 


bable it is that a specific qua 


attempts just 


tv ot 


ng capacity will be produced by a 


! mating. 


1? 
ee 





HORSE 


The over] 


ippinse 
made by ‘‘telescopit 
r the mode jo 
the cross-sections b 
two st lected 
That part ot the 
itv curve for the @ 


not overlapped by 


FI value, shows j 


tage the given hig! 

the given low ne IN 

of producing high rac 
offspring Tl us DYN 

diagram, or the st 
which it is based, we 
greatly, in the long 
prove the near-blood 
crease by only a lit 
of a slight but defi 
racing capacity ot tl 
that each such er 

wherever taken on t 
closes, with its base, 
which is the probab 


Each offspring must 





**GALLANT FOX’’ AS A FOAL 


NY BREEDERS CONSIDER 


AND 


HIS DAM ‘*MARG 


rHE SIRE MORE IMPORTANT THAN THE DAM IN PR 
APACITY IN THE FOAL, BUT THE PRESENT INVESTIGATIONS ASSIGN CREDI1 
ONG THE NEAR-KIN OF THE DAM AT LEAST EQUAL TO SUCH CREDIT 4 MON¢ 
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OFFSPRING 


PROBABILITY **‘OVERLAP’’ OF VALUES 


BH EXPECTATIONS FROM FI=110 AND FI 2 

0 ip for FI 110 and 120 areas: SP $22 

Peak P=.1205 at BH=108 + 2.5 g 

Limits P=.001 at BH 38 + 2.5 and 13 2 
Non-overlap for Fl 110 area alone : SP=.1779 

Peak P-.7313 at BH-=104 + 2.5 
Non-overlap for FI = 120 area alone : =P 779 

Peak P-.1230 at BH =111 2 
Examples: 

1. When BH = 83 + 2 
Overlap. FI=110—120 P= .0560 
In FL=110 area alone P = .0222 
=P for BH=83 2.5 = .0782 
Ratio P’s 72 ove 28 FI 0 ea alone 
When BH=113 + 2.5 
Overlap. FI=110—-120 P=.0867 
In FI 120 area alone P — .0336 


xP for BH =113 1203 


Ratio P’s. ” overlap "8 FI ad 
When BH ins +3 

Over ap FI 110-120 P OO0O5 

In FI =120 area me P= .0094 


vp 0099 


» P’s ip: 00.95 FI 




















be 


racing capacity somewnere 
zero and perfection, and the sum 
' definite 


s must always equal 1.000 


of all of its capacity 





n such a diagram, the overlapping 
‘complete, there would be no such 
inheritance of racing 


the Ca 


would get the same range In 


yr as 
Wwe 


ring-values from poor stock as from 


In the mathematical model 
yf 


In 


4 1. 
STOCK 
heredity, 
al 


vives 


iny specific formula « 


‘ DHeSS and narrowness vener 


and an axial trend which 


minimum overlapping, indicate good 
If, the 


del shows much overlapping and a 


on same scales, a 


ection 


} 


flatness 


sprawling in shape, it means 
it the investigator has not succeeded 

well in finding a good prediction 

isis. But experimental re-stressing of 


better 
destre ving 


rediction-units can seek a pre 
the 
The 


PROBA 


tion-basis without 


ement of truth already found. 
FIG. 6, 





take ft transverse se ons or ve! 
slices’’ from the model shown in Figure 5 
s keep them in their relative positions 
g ind-left, but push the forward slice back 
1 unt is superimposed on the backward 
secure a diagram like Figure 6. TI 

rked FI=110 shows probability-distr 

n by capacity of offspring which come int 
ld with an FI (Futurity Index, or hered 
promise of a racing capacity of 110, 

1 on antecedent near-kin racing « ipacities 
the second bell-shaped curve shows a sin 
stribution for offspring with a 10-pound 
g r heredit iry promise, namely an FI of 120 
ertical strips within these ireas represent 
ges of 5 pounds in BH, or racing capacity, 
s yy No matter where e Take i cross 
n of the model of the for 1, tl irea of 
ss-section must always total 1.000 nace 
fa f its 5-pound probability-strips If 
dial BH ass has a low probal t then 
ross-section is low and broad—poor pre 
but if the modal ¢lass is high, then the 
sect I s narrow nd ta good re 

ook at this Probability Over ap cha 

find that the best horses produced fron 

re promise are occasionally much bett 
the poorest horses produced from supe or 
but, the long run, the better horses 
fron the bette r stock. It is the measure 
s ‘‘long run’’ which is here worked out 
s noticed that with FI of 110, the prob 

of producing a foal with a racing cap 
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present Tv pe ! i ) ] 
ries pt t ! 
perl ct ! 


(FENI \NA i 
ANALY 
If. when we are nfronted b 
complex hereditary quatit Wi! 
nitelv runs-in-t , - 
method nere out ned ve al 


mathematical pietur of Nature 


havior in transmitting the qua 
one generation to anothel The 
! sistency bD n Mende 
IMalVASILS l I SIS T 

factors, and 1) ‘ ‘ 
IMNaLlLVASIS \ Supplies 
cific ormula ere h 
nique here ca vlve-recvress 


abil \ lt tter 1 
analvsis thie nvestiva ‘ bu 
mathematical n ! pal 
rormula, he wi bye ricles s ibsta 
ITY OVERLAP 
ty of 118 3 . j . 
the probal ¢ ¢ } ng s a 
in FI of 120 is al t sin ] 
soaan + ' 
e 110 FI shows I } 
wn while t 2) FIs S 
} t 30 in (0) | 2 rg 
tage for | 5 8 n tT 
breeding stocks 
Man o’War is y 
bred which An . 
trv is n | ng j ' 
Thoroughbred horses ) i¢ 


] | ng . \l \\ 
foaled t > 1 | } 
promise if HI i¢ 
ny T WW < 
red f ¢ 
pera tf i4 Zz 
luee tl best st 
It is thus s P 
gat y | \M \W 
ereditar : r 2 ‘ 
An FI of 113 is itself q y 
) s prod ad l 
f 1] ro | s f f 
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in the genetic analysis of his problem me gene or by the additive 

For instance, a cross-section of the model of a few genes. Its principal st 
in its lower prediction-values (but still, that it is often able to tie-up its 
in the present model, substantially above predictions with the underlying 
the mean of the breed) will show a tall, some mechanics. Its main wi 
steep slope, while another section with a that it can offer no satisfact 
still higher prediction-basis (7.e., still analysis or prediction for thos 


re eT) 


further above the mean) will show a complex traits which are d 
lower, flatter slope. This indicates that reditary, and which constitut 
heredity-prediction is better among the materials with which practic 
lower plus-values of racing capacity, for and students of embryology 
the strain under consideration, than tion are constantly working 
among the upper plus-values. Ogive-regression-probab 
Again consider the upper breed-values outlined presents a genera 
represented by the blood found in the formula of heredity, the specifi 


leading breeding farms for the Thor tion of which also predicts 
oughbred horse. Among such superior values. The basis of sue 

strains, the present evidence indicates 1s a measured or quantitatiy 
that the Thoroughbred horse is less pure value for a single complex t? 


bred or more variable, in Mendelian than for a combination of s 


terms more heterozy vous. for the higher qualitative or unmeasured traits 


plus- than for the lower plus-values of the *‘thing-predicted’’ ogive 

racine capacity ot the antecedent near probability establishes arbiti 
kin. <As further evidence in using the lected but definitely measured 
general formula of heredity as an aid Class-ranges. It deals with t 


in Mendelian interpretation, we find ties which result from the 


that, based on the shape of the present mental interaction of a gi 
mathematical model, the lower plus genes. Its main virtue is that 


tack on genetic analvsis 


values in racing capacity depend upon 


relatively more recessive phases of the am accurate offspring-predict 


more important constituent genes for tain very complex measurable st 


this quality than do the hicher plus or functional entities Its 


. . e ! 4 
values. In this, and doubtless in many ness IS that 1t can 
traits into their constituent ge) 


other ways, the Mendelian interpreta 


tion, and the formula of heredity or ‘dicate only their relative nun 
analysis by ogive-reevression probability, potencies But for the mor 
may ald each other If thev are the qualities which definitely 


only Two wavs of looking at the truth. family neither has gene-analvs 


and each presents a true picture, the two ™uch headway in specifie gen: 
pictures must be consistent nation. Each within its ow 
In the analysis of the more compli these two types of genetic analys 
cated qualities, venetics needs to attack equally accurate In offspring pre 
It While each has its own kind of st 


the problem from many directions 
may be interesting, therefore, to com and its own kind of weakness. T 


pare the uses and limitations of the tech of problem, and the ‘‘favorable: 


nique of gene-analysis with analysis by the material,’’ determine whic! 
ogive-regression-probability. We find nique will probably prove t 
that Mendelian or gene-geneties predicts profitable. Doubtless in some cast 
the nature of the offspring by qualita- two methods working together w 
tive classes or categories, determined by more successful in the discover) 
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ibout a genetica pr ‘blem thar +. Hered 


ne by itself production 
eeping with current developments — the influe 

physical Sclences, probability r) wement a , 26 
matics comes in for ever increas vironment 
seTuiness 1 the bio ogical sciences 


: This is true whether the invest The 


s making an early reconnoissance 


seeking a hint of ‘‘how it 1s.’”’ or rae (Fic 4 ; 
er the particular study is well dé 

and he LS seeking to defend The 

and to check it itis lly 1wAINS 

mental facts | Ss means Pic 


CONCLUSIONS plex of raeine 1) Ties ne ts 


principal findings Oo! t] ese studies cedent direct and , itera re 
‘ing capacity in the Thoroughbred — will. if such foal 1 s. possess a R 
~ ire ( ipa \ \ n 1 BH Z 
] In order to find thie specific formula This s the Patt NM 1 I HH 
inheritance of the specific qua ty, a sp Ge eas — 
i specific group of organisms, two) Pie 4 and a ies . ial 
tions are necessary First, the in which specific case is pictured in |] 
stigator must have in hand a reliable” ppe fore-anid-a - . 


stick for measuring quantitatively giction basis. the FT: the 


nartienl: eC alitw: ; vo : 
— subject quality; and s coordinate, racing capacity, BH, 
the quality thus measured must 


—e- ; sa ad ffspring by 5-pound ranges ; and 
some indieation of ‘‘running-in-the 13 s le} 
3 ind-down coordinate is the probabil 
YP ; - 6. With an adequate number 
2. Racing capacity in the Thoroug! , 
. . ‘ . cietion bases rn Thell rrespol 
horse is a definite and measurable e 
ps : ffspring-values i ind, one n 
mal entity. The existence of long 
; : : pattern torn i here eve | 
invented yard-sticks for measuring ' 
thus find an empuirie forn 


elements Of racing capacity years 


ize, pounds for weight-carried, fur 


es for distance-run, and seconds for eee a , 
made it possible to invent a defi ; — rl - —— 2 
and accurate vard stick Wi ich duly I ‘es | and ' 5 tor the spring 
ter-compensates these major factors i the o4 =e p a n Mr. Waltet 
tion to speed-attained other factors Salmons bree Merewot 
vely minor, being constant me CUurse 0 Be inte x] 
. Nearly every physiological and ments and w ffspri raced 


1 


us quality, besides the whole ana urity during the years 192 
‘al structure of the individual horse. 7. The 
ed upon for superior racing per tains only a Tew ancestors, ea 
ince, Consequently the vreat ma : 
of the individual genes, represent- value; but when it comp 
nearly all hereditary resources in representative @1 ip | se ante 
the whole organism—is involved in blood-kin, each properly stressed 


termining the quality of racing ea- the prediction-value of the specific 
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Photooranph bu New Zealand Go 
FELLING A GIANT KAURI {¢ATHIS AUSTRALIS AT KAINGAROA, NOR 
ISLAND, N. Z. 


TWELVE CENTURIES OLD AND STILL GROWING STRONG, SOLID TO THE CENTER, DRIPPIN( 


PITCH OOZING OUT OF THE BARK (ABOVE THE AX), YET THIS MONARCH OF THE FOREST STA 
ROMAN TIMES AND HAS SHED A RAINFALL THAT WOULD HAVE COVERED THE EARTH TO A DI 
10,000 FEET. THE GIRTH IS 66 FEET AND UNIFORM TO THE FIRST LIMB—40 FEET UP, 
130,000 FEET OF PINE WITHOUT A KNOT. THE ANNUAL SCALING OF THE BARK ACCOUNTS F 
rHINNESS—THE WOOD ITSELF BEING 21 FEET THROUGH. IN SEQUOIA THE BARK IS OVI 


THICK, IN AGATHIS LESS THAN HALF AN INCH, JUST THE YEAR’S GROWTH, TRULY AN 0 











GROWTII AN EXOGENOUS STEM 
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THE NEW ZEALAND FOREST 





By V. W. JACKSON 


OFESSOR OF BIOLOGY, UNIVERSITY OF 


the elghit hundred trees, shrubs 
vines of New Zealand, six hundred 
endemic—not found anywhere else 
this museum of woody oddities in 
islands about the size of the Atlantic 
states from Georgia to Maine and in the 
latitude, 34°—48° south? 
s sufficient explanation. Not 
New Zealand separated from the nearest 
nd by 1,300 miles 


Bermuda), but the surrounding ocean 


Isolation 


salt 


only is 


twice the isolation 


s 3,000 fathoms deep, which would in- 


cate long isolation ves, since early 
rtiary times, when the Atlantic states 
‘re beneath the ocean and palms grew 
(ireenland 


New 


pines with ber- 


trees of 


the 
Zealand are so peculiar 


No wonder, then, 


s, ferns like trees, broad-leaved ever 
vreens, trees which change their leaves. 
rees without leaves, trees with dais) 
flowers, woods that sink in water, woods 
ghter than cork, Fuchsia-trees, ecab- 
age-trees, net-veined monocots, straight 
veined dicots, coniferous dicots: yes, 
Three out of every four you have never 
seen before, nor anything like them. Of 
he twenty pines only one has the sem- 
blanee of a cone and that is as round as 

egy Nineteen pines have vay colored 
berries to attract the birds. The berries 
{ the white pine are red at one end and 
ie at the called 


Fancy, Verbena trees 


other, and hence 
‘soldier berries.’’ 
flower the year around, but with wood 
hard and heavy it sinks, and violet 
‘s thirty feet high, male and female 
e Mahoe of the Maori. 


are the daisy the dominant 


Stranger 
Trees, 


st trees of Stewart Island. yellow 


sy flowers, seeds with thistle-down, 


enty different kinds. found only in 


‘ 


A 


ITORBA FORM ) + YA 


New Zealand In fact f the 1,700 Sp 
cies of flowering plants, 79 per cent. ar 
endemic and half of all the plants ar 
woody, so that the forest flora is thi 
major portion and the keynote to New 
Zealand scenery 

The New Zealand torest 18 a true sub 
tropical rain forest, with trees and lanes 
struggling for a mastery; 182 species of 


Trees, 316 shrubs. 4] Sein woody pial ts 


1 vines, 12 tree ferns: over S800 wood 
plants, a tangle of tropical luxuriance 

tvpieal liane: which, like the blessed 
word ** Mesopotamia,’’ brings joy to the 


rapturous and thrill to the noviee—this 


‘‘rampant wrestle for ascendancy 


Clematis and passion-vine, supple-jack 
and kie entwine the giants of the fores 
. a wun 77" a” tay oe _ ae 








NEW ZEALAND 
SHOWING 


and Tree Range 





























Martin, Auckland 
THE GIANT KAURI, THE ELEPHANT OF 


Photograph by J. 


TREES, STANDS IN A CLASS BY} 


ITSELF 


A GREEN DORIC COLUMN OFTEN 2() FEET IN 


DIAMETER AND 60 FEET BEFORE A LIMB, 185,000 


FEET OF BEST PINE LUMBER WITHOUT A KNO 
THIS IS THE SOURCE OF KAURI GUM, USED 

FINEST VARNISHES. ‘THE TOP OF THIS GIANT BI 
COMES THI LODGMENT OF MANY EPIPHYTES, 


ORCHIDS AND LILIES. THI 


EEN HANGING ALONG THE TRUNI HAS 


OWN FROM BIRD-CARRIED SEED OF THIS HARD 
WOOD RATA AND EVENTUALLY BECOMES ROOTED TO 
THE EARTH WHERE THE MAN IS STANDING AND 
SOON BECOMES AN INDEPENDENT TREE, STRAN 
GLING LESS STURDY HOSTS, AND BECOMING THI 


HARDEST AND HEAVIEST OF WOODS. 
in their struggle for light and make an 
The 


lily vine, hanging from supporting limbs 


impenetrable tangle. kie-kie is a 
like a cascade of foliage, and supple-jack 
hanging like ropes 
often 


is another lily vine 


from the topmost branches and 


used as ropes. The Clematis vines, of 


which there are nine kinds, are all en 


demie and all dioecious—two kinds, 
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staminate and pistillate; in fact 
cent. of New Zealand flora are w 
evidence of primitive tvpes and 
separation for cross fertilization 


atis indivisa forms huge ¢lus 

large white flowers high up in 

with the passion-flower hanging 

To add to the tangle, blackberry 

was introduced and has so thriv: 

become known as bush-lawyer 
In the 


wart pines predominate, wit! 


north island rain fores 


das 


exotic mixture of subtropical 


cabbage-trees Dracaena and tree 











Zealand Go 


Photograph b Veu 


O WOODMAN, SPARE THAT KA 

THERE ARE FEW LEFT AND 
OTHERS LIKE THEM 

NO OTHER TREE HAS SU¢ \ ASS 

COLUMNAR TRUNK \ oO 

A KNOT, THE FINEST MBI 

THE CABINETMAKER No wo? 

SOUGHT AFTER AND NEAI DISAPI 

ISOLATION IN INACCESSIBLI wou? 

THE KAURI WHICH ARE LEF'’ THE | 


FERNS AND GRASS TREES IN HE BA 


SUBTROPICA RAIN FO 


DICATE THE 
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I 


tyathis australis) the most ma 
the pines—great doric columns 
ne-gray bark, giving a hazy sane 
the silent woods. These are the 


THE 


trerent kinds n close associatiol 


Trees wit! 


ad leaved 
Monarch of all is 
y/ 


eaves. 


the rearguard ol 


he prophet of the future, fast dis 


primeval 


ng before the onslaught of saw 


f finest 


e: for the kauri is a pine o 


16 to 20 feet in diameter. 


It 


often 


feet without a knot 


IS 
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ERIS, A STRANGI MISSIN ; 
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HTLY APPRESS ) 4 ) As« yING 
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TROUNSON’S KAURI PARK, NORTH 
AUCKLAND, N. Z.;: ONE OF SEV 


ERAL STATI 


FORESTS 


LIK rHE REDWOOD, 1 A {1 HA 
ED } oO ORTI I OF 
No ISLAND, LA S. ro 38 ONLY TO 
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‘Big Tree’’ of New Zealand and now 
must be preserved for posterity as the 
only pine soutl f the Russel Line 
with cones and broad leaves 

The other 19 pines have fleshy berries 
or colored, aril growth around the bony 
seed like the vew and are therefore 


Taxaceae and not Pinaceae, certainly not 


1 
bearers 


Coniferae 


not con The four 
most common pines, totara, miro, matai 
and white pine, belong to the genus 
Podocarpus, which means a berry with a 








Ove 
oZbh 


base: the white pine or ‘‘soldier berry”’ 
being red below and blue at the top, like 
the French gendarme. The Maoris are 
fond of these berries. The average tree 
is 120 feet and the wood is used in mak 
ing butter boxes and paper. The two 
black pines, miro and matai, have fruits 
like a plum; the red miro 
favorite fruit of the native pigeon, and 
the black plum of the matai is partly 


hidden among flat leaves on spreading 


being the 


branches like a dicot: you would never 
until you tasted the 
pitchy leaves or berries. The totara was 
the favorite of the Maori, for out of it 


guess it a pine 


he carved his war canoes, sometimes 70 
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feet in length and enduring 
turies, for it is one timber whic 
‘*Teredo,’’ the ship worm 

The hardwoods are not less 
Three of them sink in wat: 
floated to 1 


Even my Maori war clubs, crack 


able. 
can therefore not be 
time and desiccation, sink like 
water, a real bludgeon these 
Olea—olive) and 
Metrosideros, 
Black 

pounds per eubie foot, and grow 


New Z 


basswood, which weighs only 11.7 


maire rata or 


wood which means 
as iron maitre welghs 
side it may be whan, a 


whole log lighter than cork, and us 


po ox 


wen % 
. i 
? 
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A STRANGE MEDLEY OF 


GROWING UP THROUGH THE NEW ZEALAND FLAX 
dyline australis) LIKE A HOTHOUSE DRACAENA ON 
TREES, IN FACT. THE 


GENUS SENECIO—DAISY 


MONOCOTS AND DICOTS; 
OF COASTAL FLORA 


CHRISTMAS TREE WITH ITS SCARLET FLOWERS REACHES FAR OUT OVER THE WATER IN SI 
LIGHT. 





Photograph by J. Martin, Aucklar 
THERE ARE 185 SPECI! 


(Phormium tenax) 1S THE CABBAGE TREI 


A POLE. THE WAVY-LEAVED RANGIORA ON 


RIGHT HAS FLOWERS LIKE AN ASTER, AS HAVE MOST OF THE TREES ON STEWART ISLAND Of 


CROOKED BRANCHES OF THE POHUTUKA 


AF 








ow ie ead te 
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Photograph by J artis 
PALM, PINE AND FERN HOLDING UP A TANGLE OF VINI YPICAL LIAN! 
RAIN FOREST 
IE, SUPPLE-JACK AND (LEMATIS ALL ONE ENSEMI 
PINES HAVE BERRIES INSTEAD OF CONES; THE FERN 

SHOWY FLOWERS; THE EPIPHYTES ARE WHIT! 


PINE IN MID-BACKGROUND AND A WHITE PI) 








floats in netting whales—one wood over 
six times as heavy as the other Inter 
spersed with these hard woods, wit! 
thick, glossy, dark-green leaves and 


prune-like fruits, will be nikau palms 
and cabbage trees (Dracaena), a medley 


4 


of the tropical with the antipodal, a 
vegetational vaudeville 

The evergreen broad-leaved trees and 
freedom from frost means an evergreen 
forest relieved only by flowering trees, 
for there is neither room nor light for 
wild flowers and most of the tree flowers 
are greenish, but at Christmas time the 
Christmas tree, pohutukawa (Metro 
sideros tomentosa), bursts scarlet red 
with bloom—the countryside becoming 
red over night—a red Christmas instead 
of a white one. 

The southern rain-forest is a_ beech- 
forest, an almost pure community of one 
or more species of beech (Nothofagus 
in a bed of fern Even the beech is 
antipodal, more like birch than beech 
and called red and black birch by the 
lumberman. However, they have burry 
beech-nuts and outstretched horzontal 
branches—Nothofagus if not Fagus. 
But the tree ferns are much the same 
and the keynote of the New Zealand 
forest—a continuity and a tropical char- 
acter, which makes the New Zealand for- 
est one liahe or tangle of endemic trees, 
ferns and vines. 

kt is*most surprising to find these 
tropic-like tree ferns as far south as the 
Auckland Islands, Lat. 50° S.—the lati- 
tude of Winnipeg and the Aleutian 
Islands. Humidity and the tempering 
influences of a vast surrounding ocean 
make this possible. 

Although isolation tends to fixity of 
species and 79 per cent. of the flora is 
endemic, yet there is a remarkable and 
unexpected hybridization—353_species- 
hybrids and 101 generic-hybrids, mostly 
among trees and shrubs. Of the sixty 
coastal trees and shrubs 10 per cent. of 
them have hybridized one tree-shrub 
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hybrid. Of the 222 lowland t1 

shrubs there are seven tree-hy] 

shrub hybrids and two between t: 
shrubs. Of the 125 mountain t1 
shrubs there are 47 hybrids, and 
the 45 lianes there are 10 hybrids 
epiphytic-hybrids, in all 87 

groups among the 410 woody plan 
107 among the 845 herbaceous 
hybridity or heteroblasty make 
tematic flora a very difficult an 


zling problem. It has challeng 














botanists of the world for half a eer 


Hooker, Travers, Engler, Colenso 
Petrie and Cheeseman were pu 
over these things in floras of fifty 


ago, and more recently Dr. Coe!) 


and Dr. H. H. Allan have studic 
hybridization eritically, and find 
established varietal groups, n 


Veronicas, Pimeleas, Pittosporums 


Trees, cabbage trees, spiderwoods 


many others. And all this hyb: 


e 


with a scarcity of insects and 


True, most of the flowers are whit 


these attract moths at night, ar 
honey flowers of the trees attra 
birds, but such surprising hybridi 
must be due to-the equally sur] 
fact that nearly half the flora i 
sexual, that is, the flowers are 


kinds, staminate and pistillate, male 


female, on the same or on different 
and therefore must be crossed, if 


ized at all. It has been estimated 
o4 per cent. are thus cross-fertilize 
the possible isolation of such inci; 


species prevents the swamping efi 


crossing, aS on continental areas 


we have this unique flora of Né 


land-—79 per cent. endemic, 46 pe 


unisexual, monoecious or dio 
nearly half the flora woody 

shrubs and vines, hence a forest of 
ties, antipodals, daisy trees, grass 


fern trees, pines without cones 


without leaves (Phyllocladus and 


michelia), trees with changing 
(laneewood. Disearia. ribbon woo 


\ 


y 
) ~ 


] 


| 


1 f 
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Photograph by New Zealand Ge 
THE MILFORD TRACK, THROUGH THE SOUTHERN BEECH-—FOREST, SO 
ISLAND, N. Z 
ONE OF THE FINEST WALKS IN THE WORLD, THROUGH FERNS AND BEECH, MILI 


rHERE IS NO OTHER WAY THAN WALK THROUGH THIS MOUNTAINOUS REGION TO MILFO 


ON THE WEST COAST. ALTHOUGH IN A SEEMING TROPICAL FERNERY THERE IS A CHI 
AIR FROM THE NEARBY GLACIERS AND THE FIRST OPEN VIEW WILL LIKELY REVEAI 


JOSEPH GLACIER ON Mr. Cook, 12.349 FEET ALTITUDI TREE FERNS AND GLACI 


PARADOX AS WELL AS A FLORAL PARADISE. 
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clossy, tropical leaves, spiny, xer 


leaves (where there is 200 ine 


} 
‘ ; 


fall), hardwoods heavy as stone 


is cork—a forest laboratory, trying 


| the test of time, some since 


in time 


FICATION OF N ZEALAND Woop ] 
Referred t n text 
r terns Cyatheaceae 
Cyathea de albata: ponga silver 
Cyathea medullar oS; Koran: black t.f 
Dicksonia squarrosa ; we ki: 207 


Dicksonia fibrosa; weki-ponga, 


Conifer: Pinaceae; Araucarica 
{gathis australis; kauri 
i Taxaceat ° Podoear 
‘odocarpus totara; totara (pin 
J docarpus ferruqineus: miro: black pia 
locarpus spricatis ; matali: black pin 
dot arpus dacryroides; kahikatea; 
Da rydium cupressimum ; rimu, red-] 


Phy lo ladus fr choma) odes; elery é 


Serew Pine Fami A) kie-kic ine 
Palmaceae; nikau palm, only pa 
Liliaceae ; cabbage-tree (Cordyline) Dra: 

Supple-jack vine (Rhipogonum scandens 


New Zealand flax (Phormium tenagz 


Beech Family: Fagaceae 
Red birch: Nothofagus Meus 
B ack birch: N othofa mus Tuse 
White birch; Nothofagus solar 


Nettle Family: Urticaceae 
Nettle-tree; Paratropbis mi “ophy 
Nettle-bush; Urtica ferozr 

Mistletoes: 3 parasitic Loranthus, Vis¢ 


Tupeia 
Proteaceae; Australasian only 


Rewa-rewa; Knightia exrcelsa, 10 
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THE ENTOMOLOGICAL SOCIETY OF 
LONDON 





By Professor T. D. A. COCKERELL 


CSP y 


THE first 


Tall entomological societies 
appears to have been founded in London 
in the forties of the eighteenth century. 
Practically nothing is known about it, 


except that the members used to meet at 
the Swan Tavern, “Change Alley, and 
that on Mareh 25, 1748, a great fire oc 
‘curred, which destroyed both lbrary 


and collections. A meeting was in prog 


ress whe This happened, and the mem 


Ih 


bers had difficulty in escaping with their 


lives. This disaster seems to have put 
an end to the society In 1762 a second 
Aurelian Society was founded, and for 
a time seemed to flourish. But before 
the end of the decade it had come to 
vrief, and on February 28, 1768, the 


English entomologist, Dru Drury, wrote 


Pallas in Russia: ‘‘I sincerely lament 


with vou ve fall of ve Aurelian Society 
wanted but two or three good 
nembers to have made ‘it become re 
spectable, but Da Costa’s temper and 
principle was sufficient to overturn a 
IN nedom ae 
Another society was founded in 1780 
and lasted two years. Then in 1801 the 
name Aurelian Society was revived for 
a new organization, which dissolved in 
1806. From this time on various efforts 
were made, and the long record of fail 
ures seemed to suggest that a society de 
voted to ent mology alone eould not 
have lastine sueceess. The Linnean So 
ciety, covering the whole field of biology, 


was a flourisl 


to 


institution, and many 
up the field, 


Viet les eoneerned W ith 


Ing 


felt averse and 


dividing 
creating special 
portions of it 
All this of 


who 


rise 


the 
th 


was long hefore 


entomology, and se 


economic 


Oo} 


COLORADO 

' 
studied insects were amateurs, int 
in the beauties and wonders 
They were not ‘‘mere colleetors’”’ : 
means, but also took a keen int 
observing the habits of thelr fa 
as 1s well shown by the letters 
Drury and the writings of W 
Kirby. In spite of so many diff 


+] asnl &, 


and discouragements iev still 
discuss 


the 


they must come together to 


common interests and that 


entomology was large enoug! 
a special society 


that 


nearly a ce! 


Indeed it may 


the variously abortive eff: 
tury past had but pay 
way for the suecess which was 

So it came about that on May 3, 1s 
at the 


seum, and decided to establish the |] 


a group of men met Britis 
mological Society of London, whi 
steadily developed during the p 

tury, and recently the 
dredth of [1 


memoration of this event the societ 


celebrated 


year its existence 


just published ‘*The History of 
tomological Society of London . 
1933,’ by Dr. S. A. Neave iSS 
Mr. F. J. Griffin, with an inti 


yulton and 


Hemming 


Professor K B. P 


y A. F 


by 


‘lal chapter | 


from this excellent account tl 
rive most of my information 
ciety started well, with 107 men 


its first year, including Charles D 
and others already eminent or 
to T) e 


Barham, at 


\\ 


; 
} 


become venerable 


Kirby, rector of 
the most distinguished British ent 
cist, was elected honorary life pl 
Probably the most influential and 
the distinguished 


long run most 








wist of all the origi 
n Obadiah Westwor 
fessor at Oxford 

y as 1893, and amo 


ired memories Is that ot 


found on breadfruit 


. 1 


i members 


|. for long 


He died as 


my most 


seeing hin 


le at one of the meetings, when lh 


paper on a new kind of plant 


in Cevlon 


ood it was who published the 
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REVEREND WILLIAM KIRBY, F.R.S 


HONORARY LIFE PRESIDENT, 1833-1850 


papers in the Gardener’s Chronicle 
He studied all groups of insects, and his 
enthusiasm never flagged, so that it was 
said of him that in spirit he never grew 
old. His artistic powers were great, and 
led him not only to skilfully illustrate 
innumerable insects, but also to become 
a leading authority on medieval manu- 
scripts. 

When one looks at the list of men who 
established the Entomological Society in 
1833, the number of first-class men is 
astonishing. Some of them are chiefly 
known to-day for their activities in non- 
entomologieal fields, such, for instance, 
as Charles Darwin, Sir J. D. Hooker and 
W. Yarrell. But I can count about fif- 


teen outstanding entomologists 


work will never be forgotten. 


alone would have given luster to am 


ganization they might have chos¢ 
form. 

For the first three deeades the 
bership remained between 150 anc 


but then it began to increase, the s 


quent decades (beginning with 


showing 194, 223, 289, 404, 522, 622 


685. This steady progress did not 


Rel 


) 


uneclouded prosperity . The finances 


often the oceasion of serious anxiet: 
large and frequent gifts from cert: 
the members tided over difficult 
and especially made possible the 


+ 
t 


1 
I 


cation of important illustrated p: 


1 
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JOHN OBADIAH WESTWOOD 


o SECRETARY, 1834-1847; Presipt 851-18 . . . . 
LIONORA LIF PRESID TRS RO 
ently as 1874 it was actually pro win was much ex : s ml is 
sed to merge the Entomological So to the dispos s collections Kor 
with the Linnean, and such an ar some reasol ! nx Ls pp! 
vement was very nearly made. In sent them 1 e National Collection at 
early days of the society, a collection the British Museum, and pot . 
+ nsects Was formed, and this soon them were presel ted to this Societ ! 
| me to be of considerable importance as may be seen Tron e Centenary H 
1835 the Reverend Wm. Kirby pre-_ tory of the Z gical Society of Londo 
~~ nted the whole of his collections, in others were handed over to that D 
s ling the types of bees described in As is well known, however, the mos 
s Monographia Apum Angliae, the valuable portions 0! both thes 
sie work for the knowledge of Britis! tions eventually reached British Mi 
Ss In 1841 Darwin presented a col seum.’’ To this ean add that 1 fou 
tion of insects obtained on the voyage a couple of bees ne or them st rep! 
B of the Beagle, ‘‘and it appears that on senting a new species) 1n the Hope Mu 
| i ; return from his famous voyage, Dar seum at Oxford, collected by Darwin In 
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Australia and Tasmania It is unfor- 
? ; + . ] 

ftunate that the history of many of the 
specimens of insects collected in the 


early days, and made the types of newly 
described species, is now difficult or lr 


possible to trace At first 1t was not 
customary to put locality labels or other 
data on the pins, and thus it happened 
that after Dru Drury’s collection, with 
ts many types, was sold, no one could 
say What specimens belonged to it Very 
probably some or many of them are still 
extant, but there is no way to prove it 
At. the British Museum, it was the cus 
tom to put a little label on the pin, 
showing the vear the specimen was re 
ceived, and the number given to the ae 
cession in the aecession-book Thus 
90.10 would mean accession number 10, 
or the year 1850. When these insects 
were described as new, it was not usual 
to cite these numbers, but any one who 
would now go to the museum, and ascer 
tain the numbers on the innumerable 
types, and look them up in the accession 
books, would undoubtedly discover much 
of interest for the history of entomology. 
Often, of course, the record merely gives 
the name of the donor, but frequently 
the collector or the locality can be ascer 
tained. 

As might be supposed, the collection 
of the Entomological Society eventually 
reached such a size that it was impossi 
ble to take care of it Adequate room 
eould not be found, and the problem of 
keeping it properly arranged proved in- 
superable. In 1858 the exotic insects, 
except the types of new species, were 
sold by auction, and in 1863 the society 
disposed of the last of its collections, the 
types going to the British Museum. In 
the thirty years since the foundation of 
the society, the British Museum had in 
ereased its facilities and its staff, and it 
was to the advantage of all concerned 
that it should become the custodian of 
these precious materials. 

The library, on the other hand, had a 


Ve I's different history As 1 
size and importance the problen 


ing 1t and Making it avallable 


acute. The story of how the dif 


were overcome IS a long one, b it 


it 18S estimated that the society p 
about 12.000 volumes and 30.00! 
rates, much used by the meme 
question might be raised, wl 
ciety should maintain this great 
when that of the British Musew 
ural History is available Just 
the corner. But the library 
clety can be loaned to members 
increasingly used in this wa: 
resulting from the growt] 
science is that the student, 
lives near or is connected w 
creat institution, or is u 
wealthy, can not obtain the 

] 


for serious original researches 


; 


even large universities do not pos 
the necessary literature, except 
stricted fields which have been 
cially cultivated by members of t 
ulty. The consequence is that st 
have to depend for the determi: 
specimens and various kinds of 

the staffs of large museums, s 
| at 


De rendered a 


which ean only 
of time and effort which would bi 
directed to work of more lasting 
Even when museums or universit 
willing to do this work of detern 
the results are often unreliable 
large collection grows by accessions 
many sources, and it is utterly u 
hle for the curators to check up 


+} 


terminations of tl 


e species as : 
in. Also, it is very difficult to 1 


{ 


oe 


species eorrecti 


; 


one is no 
with the special specific characters 
accordingly necessary for the s 
progress of entomology that there s 
be many workers specializing in p 

lar groups, exchanging specimens 
opinions, and becoming familiar w 
the details of their subjects 


workers, it is obvious, are likely 
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DAVID 


‘numerous and more efficient i they 


gain access to the most necessary 

ks. One of the greatest possible ser 
es to American science would be the 
establishment of a great loan library, 
Specially of authors’ separates, which 


under 
The 


inter-library 


d be 


perly 


to students 
safecuarded 


partly 


sent out 
conditions. 
é is met by 
Lis, which are exceeding!) helpful, but 

e nature of things can not be really 


juate. 


ee ee 


From the beginning, it was one of the 
: f econeerns of the society to publis} 


ts Transactions. There was at first con 


7 ; . . 
.* rable opposition, partly on account 


was 


expense and partly because it 


Ye | that there would be serious com 








SHARP 


Tine, 


Such objections were 1 


vail, il cl ‘ ! 
public ! 

tions of the societ: In 1931, to 1 
the diffievlty of publishing s 

nomic papers ( «tablish 
monthiv Journal Sty na ~ 
n ed that thie ! nt nyect ! 
cerning the fear of competit 
existing journals, was voiced once n 
in certain quarters, but w ! rn 
effect than befor As a matter 
publication facilities are still extren 
inadequate, and workers are disc 


from attempting co 


aged 


monographs or long papers 
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FE. D. GODMAN 


In the early fifties, it Was prop sed to 
publish a series of volumes under the 
title Insecta Britannica Volumes on 
the Diptera (flies and smaller moths 
actually appeared, but the scheme was 
never completed. There were various 
reasons for this, including disputes as to 
the arrangement and contents of the 
volumes. To-day it would be recognized 
that in order to adequately deal with the 
British fauna, it is necessary to study 
that of the whole Palaearctic Region, 
and preferably also that of North Amer- 
ica To begin with the British insects 


alone is to begin at the wrol 


} 


though it is useful eventually to p 
special accounts of the British fa 
serve the needs of collectors w! 
study exotie species. In the ear 
when material from abroad was 
generally available or easily obta 
was a kind of necessity to main 
fine the work to the local species 
the evils resulting from this pract 
evident when one contemplates f 
mense and complicated synony! 
European insects. 

In 1867 the Neuropterist, MeLa 
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tors of science, wealthy men who have’ morning | hastened to get a pap: 


contributed large sums for various pur- saw in great headlines, ** Marsha 


t 


poses, it is appropriate to remember scientific men can be boug! 
those other benefactors who have em- dollars’’ (1 think those were the 
ployed their available time without words), while the really important 
financial aid, in working out scientific of the program was very poo! 
problems and arranging the materia.s — ported. 
available, and who have also, their Since the success of the societ 
organized or corporate capacity, fur been so largely dependent on 
nished great sums of money in aid of eminent members, portraits are ¢ 
scientific progress. These are the peopl some of these The secretary 
who have really borne the burden of the society, Dr. Neave, has kindly Su} 
day. me with copies of the plates use: 
The latest development, more recent history, and in addition, has loan 
than the publication of the history we eral pictures belonging to the s 
are reviewing, is the change of the name From all these, the following are si 
‘by the King’s ecommand’’ to that of as the most interesting. 
the Roval Entomological Society of Lon William Kirby, 1759-1850. s 
don. This sounds cumbersome, and _ times ealled the ‘‘ Father of Britis 
rather lacking in any real significance, tomology,’’ co-author with Spence « 
but it is one of the various steps which famous ‘‘ Introduction to Entomo 
have been taken to give the society rich in information concerning the 
official recognition. In Australia, avery ural history of insects, and the firs 
democratic dominion, one is struck by make a special study of wild bees 
the number of ‘‘Royal’’ societies | Stylops kirbu, a curious parasitic 
attended a meeting of entomologists in named after Kirby, is the emblem « 
brisbane, and we all put on dress _ society, and suggested the name 
clothes, while the chair was taken by the — recently established journal. 
Governor, who represents the Crown. John Obadiah Westwood, 1805 
All these frills are not exactly part of All-round entomologist : professor at 
science, but if we are sometimes inclined ford. occupying the chair founded | 
to ridicule them, we are not without re- friend, the Reverend F. W. Hope 
gret that our own governors and mas- occupied a unique and most influ 
ters, whom we have elected, have so lit- place in the history of entomology, 
tle appreciation of scientific work. I although he lived more than thirty 
have a vivid recollection of the semi- after the publication of the ‘‘ Orig 
centennial anniversary of our National Species,’’ he never became reconcil: 
Academy of Sciences, held in Washing- Darwin’s views. 
ton in 1913. There were memorable Henry Walter Bates, 1825 
addresses by eminent men; the last Bates and Wallace made their far 
speech in America by James Bryce, the journey to the Amazons in 1848, a 
recollections of the venerable and be- narrative of Bates, setting forth his 
loved Weir Mitchell, and others. But servations in tropical South Amer 
the powers that were appeared in the now universally regarded as a ¢ ps the 
form of Vice-President Marshall, who His name is closely connected wit! ect ever 
took the occasion to scold the assembly — ries of ‘‘mimiery’’ and warning ¢ nowleds 
on account of the unreliable and some- tion. In his later years he speci erature. 
times dishonest ‘‘experts’” who ap- in Coleoptera and described many work on 
peared in the law courts. The next beetles. The picture is made fr tunately, 
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otograph of Bates, which an artist has He 


was intimately connected wit 
neifully surrounded with objects sup- Zoological Record, first 
sed to be characteristie of the Amazo1 : 
ulucing a very comical effect 


David Sharp, 1840-1922. <A 


as edaito 
Insecta part, and afterward of 
tire volume. He had a great deal 
most re with the Fauna Hawariensis, givin: 
Kable man, curator of the University account of all the animals known 
the Hawaiian Islands. With all 


Was a most interesting personality 


Museum of Zoology at Cambridge, and a 
Cal authority of Coleoptera He wrote 
two volumes on insects of the ‘‘Cam 


many workers still living were 
ridge Natural History’’ (1899 


per by him 
ps the best general account of the sub Frederick Du 
tever produced, showing a prodigious 1919 The 
nowledge both of the insects and the lit 
erature. He prepared a much larger be 
rk on the same lines, but most unfor- 


tunately, was never able to publish it 


NSP 


(‘ane Godman. ]s 


i 


names of Godman. Osbert 
Salvin and G. C. Champion ll al 


Wlil alWwayvs 


remembered in connection with 


vreat ‘*‘ Biologia Centrali-americana,’’ ai 


attempt to diseuss the biology of Mex 
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and Central America in minute detail. 
and list or deseribe all the animals and 
plants. The scheme was entirely financed 


by Godman and Salvin. The types of 


new insects, which were very numerous, 
are all to be found in the British Mu 
seum. The project was not entirely com 
pleted ; for example, the bees were neve 
deseribed. Naturally, the fauna of suc] 
a great and fertile region could not be 
completely elucidated, and to-day it is 
probable that the species added to the 
Biologia lists are aS numerous as those 
there listed, at least in some groups. <A 
serious objection to this splendid work 
is its great cost. Had it been published 
in a less expensive style, such as that ot 


the ** Fauna of British India,”’ it would 


have been more useful. 


Edward Bagnall Poulton, pres 
the society at the present. tim: 
many years Hope professor of ent 
ogy at Oxford, a position which 
lately relinquished to his friend an 


ciple, G. D. H. Carpenter. Poult 


primarily interested in the biology 


sects, and especially so-called m 


and protective resemblance, cConeer 


which he has published many inter 
new facts. A man of immense 
and enthusiasm, he is not only 

of the meetings, but has inspire 


eulded many correspondents, esp 
in tropical countries, who have be 
to make all sorts of cdliscoveries, ali 
been able to get them properly re 
and the species identified with P 


aid 

















A POSSIBLE INTERPRETATION OF 


THE 


QUANTUM 


PROFESSOR ( LOSO! 


INTRODUCTION 


three aspects of the quantum 
omena which seem to be the most 
‘ing and most challenging to the 


agination are: 
I. The 


ant energy as consisting ol 


revolutionary conception of 


definit: 
definite Planck’s 


tiples of a unit, 


ysterious constant h. 


Il. The reconciliation of the new con 
ption of radiation as discrete and 
asi-corpuscular with the older but 


ally valid conception of radiation as 
mtinuous and undulatory 
II] the 


manner in whieh a discretely Con 


The structure of and 


at 
atoms 


uous radiation is emitted from and 


ibsorbed by them. 
these three 


[ shall consider problems 


turn and suggest a possible solution 


ror each of them. 


[. THe NATURE OF 11 AND THE REASON 
FOR THE EQUATION E=I- NI 
The intensity of light, like the in- 


tensity of sound and gravitation, varies 
nversely as the square of its distance 
Yet despite this 


nied fact the energy of a light-wave 


from the souree. un 


as measured by the energy given to an 


‘tron that is expelled from a photo 


‘trie sereen by the impact of the 
wave) depends not at all upon the dis 
tanee of the light-wave from its source 


solely upon the length of the wave 
the the the 
number passing a given 


shorter waves higher 
Trequency or 
point 


in a second. And the energy of 
of a given wave-length is measured 
by the product of its frequency sym- 


zed by nu and a certain very small 
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fixed quantity This sma juan \ 
itself the produ ! i} 
and as sic IS Caller \ ‘ . 11 
he famous const S ! |? 
fessor Planck Its s 6.09 -10 
erg-seconds and its svn 5 j He) 
he measure of the ¢ ro f a 
Wave or more prop 
magnetic Wave otf any ner S CADTeCSS 
in the equation t) 1 
Situation us presented and Torm 
raises two ftundamenta thert 
answered questiol ~ 

1) Why does the energy of radiat 
increase with its fi 

Z What IS | ’ 
Planek’s ‘OnStLan / 

I trust that the 1 eal 
me if I first state n ns we to 
questions in the forn f a little fab 
allegory. Allee s isually 
in matters of physics nk 
this one will It } i j 
rate to make plain 1 neeption 
I wish to submit for consideration 


When | Was very vi ine’ There iive 


ni\ TOWN a prosperous i happy 

most peculiar family here was Het 
the father, who was thin and ‘red 
tall, a regular giant, in fact He | 


two children, Harry, who was a stur 
half-grown boy, and Harriet, a 
but 


amazingly active for her 


age. There was also a nephew, Cous 
Hal as the children called him, a 

slender youth who visited the fam 
almost every Sunday. Last but in soi 
Ways most important of all was 1 


mother, who was affectionately known 


everybody as Mrs. H. In fact, the wh 


froup Was always called simply ~ the 


family,”’ and whether thev had 


a 


SI] 


I] 
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name or not I do not know. The really 
striking thing about the family was not 
what they were named but what they 
did. They had a game that they always 
played when they went walking to- 
gether. I suppose that all of us have 
plaved this game in boyhood, but proba 
bly only in a haphazard sort of way. 
You walk along the road and as you 
walk you kick the little stones that lie 
in your way, taking them in your stride 
and noticing how far they go. This was 
the game played by the H family; but 
there was nothing haphazard about their 
method of playing. They had a definite 
and unvarying procedure and they ob- 
served three rather precise conditions 
They all 
walked at the same rate but their steps 
were of different lengths. Henry’s step 
was six feet, Hal’s was three feet, 


which were as follows: (1 


Harry’s was two feet, and the steps of 
little Harriet were only one foot. Each 
member of the family kept to his own 
length of step and never varied from it. 
Henry set the pace, which was just six 
feet a second, neither more nor less. 
2) They walked with a sort of limp 
that made them look as though they were 
eantering. This was due to their always 
taking the step in advance with the right 
foot, which was the one with which they 
kicked the pebbles, and they merely 
brought the left foot up even with the 
right instead of advancing it in turn as 
in a regular walk. (3) They wore rub 
ber-toed shoes, so constructed that each 
pebble that was kicked absorbed all the 
energy of the step regardless of whether 
the impact oceurred early or late in its 
progress. This necessitated a fresh 
initiating effort for the next step but 
produced the same effect on the pebble 
as if it had been kicked by the foot when 
moving at a speed equal to its average 
speed. 

It was a delightful experience to see 
the H family coming down Main Street 
of a Sunday morning playing their jolly 


game. Henry’s appearance Was CO 
in the extreme, for he wore an expré 
of preternatural solemnity due 1 
intentness upon keeping the pace ; 
actly six feet a second, which hap} 
to be the legal speed limit of the 


and Was never exceeded by any 
But Hal and the children were ver 


and kicked all the pebbles that 
could find so lone as they could 


them in their stride and without de 
ing. The funniest sight of all was 
H, who, though she did not play 
vame herself, managed to cooperat 
a most important way. She had 
from a famous mathematical family 
Plancks of Berlin, I believe, and 
inherited a passion for exact meas 
ment. So with surprising agility 
went scampering along in front of 
rest and by the aid of a queer little 
traption that she had devised she 
sured the mv® of most of the stones 
were kicked. The results of these 
surements were really astonishing 
filled the town’s population with wo 
and perplexity. 

In the first place they showed 
Harriet’s kicks were the hardest o! 


Each of her steps was only a foot 


leneth, but her stones had twice 


energy of those of Harry, whose st 
were two feet long, and three times 1 


energy of those of Hal. who took a 


vard in each stride. I must remind | 


} 


again that the family never varied 


differing lengths of their respect 


steps any more than they varied 

speed of progress, though that was 
same for all. Now, on comparing 
results of the measurements it was ! 
that if you multiplied the energy ot 
pebble by the time occupied by the 
of the one who kicked it you always 
the same result, no matter whose p¢ 
vou were considering. Harriet, fo 
ample, took six steps to the secon 
that the time oceupied by each of 
steps was one sixth of a second 





nultipl: 
** Actio1 
hese h 
uch ta 
limensi 
somewh: 
limensii 
And ma 
ig that 


tinuum 


1**Mul 
ild see 
t d eS nO 
at it in 

Quantities 
i existiz 
1 mension 
pled by 


INTERPRETATION 


same reason the time of Harry’s two- 
step was one third of a second and 
l’s three-foot step was one half of 
d. If we represent the energy of 


Hal’s step (as measured by the energy 
») 


the pebble which absorbed it ‘ af 
| multiply it by the one half of a 


nd or unit of time, t, which his step 


upied, the product 3t-2e will equal 
Harriet’s step-energy was, as we 
three times that of Hal’s, 1.e., 6e. 
And 


r Harry the energy of his step 


t be multiplied by At equals et. 
only half that of 
3e, and 3e multiplied by 4t, which 

he time taken by Harry for one of 


his sister’s, 1.é., 


teps, is again equal to et. The mem- 
the H family were very much 
<1 with this result. It gave them a 
ense of solidarity that made up for 
wildering and rather distressing 
lifferences in the energies of their sev- 
eral kicks. They decided to call the new 
antity by the family initial, h, un- 
ipitalized, of course, because it did not 
present the first letter of any particu- 
ir person’s name; it was just the fam- 
ly constant. 

Quantities of this kind that are got by 
multiplying energy by time are called 
‘‘Action.’” Now in the year in which 
hese happenings occurred there 

uch talk about Time as a sort of fourth 
limension being bound up with Space in 
somewhat the same way that one spatial 
is bound up with another. 
And many people had a queer deep feel- 
ig that the hybrid category of Action 
fundamental than energy 
tself, and that in some strange way it 
bore witness to the new union of space 
ind time in a four 
tinuum of space-time.’ 


was 


limension 


was more 


dimensional con- 


1**Multiplying [energy] again by hours 
uld seem a very odd sort of thing to do, but 
t does not seem quite so strange when we look 
at it in the absolute four-dimensional world. 
Quantities such as energy which we think of 
8 existing at an instant belong to three- 
limensional space and they need to be multi- 
phed by a duration to give them a thickness 


OF THE QUANTUM 


It was easy for 
if the energy of eac! 
of the H family when 
time produced 

versely the ener 
pressed as the 
reciprocal of 

eoincide with the frequency or number 


usually symb 


or 


of steps per second. 


* oe Lr lat++ . .y 
Greek letter nu 


; l 
then e 
Nu Ou 


by the 


and t and e 


Thus Harriet’s time for a step being 
sixth of a second, the reciprocal of whi 
her 
Harry and 
be 3 and 2, respectively, 


is 6, will be equal to 
With 


will 


energies of their respectiv: 


energy 
Hal the frequene 
and 

steps Will 


? 
renerali 


sh and 2h; and in 
of any such step will be expressed by t 


equation e= nuh. 


But just what was the real nature of 
this h and why did multiplying it by t! 


the energy o 


frequeney of the step give 


the step? In other words, y yuld 


the energies severally associated with t 
members of the H family be the revers 
of what would naturally expect 
Harriet’s 

more than that of hi 
fascinated me 
them 


you 


4 


more than Harry’s and his 
s tall cousin? These 

I kept 
ought 1 


questions and 
thinking about 
have been doing my regular stuff. At 
last I 
and check up on the various factors in 


when | 


determined to get a stop-wat 
volved in the situation. Thus equipped 
I took up a good position on the side 
walk and observed very closely the steps 
of the family as they cantered past m« 
I noticed how much more quickly Harry 
and Harriet completed their steps than 
Hal and Henry; but of course that in 
ereased quickness of stepping didn’t ex 
plain anything, because the steps of tl 
little ones were that much shorter. W]) \ 
should Harriet 


increase her energy by 


before they can be put into the four-din 
sional world.’’ 
See Eddington: ‘‘The N 


eal World’’ (p. 180). 
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making a step six times as quickly as 
her father if in that step she only went 
one sixth the length of his step? But 
one day I got aclue. I noticed that the 
time taken by each step was divided into 
a resting-time, during which the foot was 
on the ground, and a going-time, during 
which it was moving through the air. 
Though each of Harriet’s resting periods 
was actually shorter than that of the 
others, nevertheless there were more of 
them, and in proportion to the total 
time of her step each of her resting 
periods was longer than that of the 
others. I worked on this aspect of the 
situation, with my stop-watch record- 
ing the moving-time and the resting- 
time for the various steps, and this 
was what I found. MHenry’s resting- 
time was a very small fraction of a 
second, which for simplicity I will 
designate by the letter R. His going- 
time was consequently 1—R, and the 
velocity of his foot while it was moving 
6 

1-R 
going-time of Hal, who took two steps 
per second, was (4)?-(1-R) in each 
step, so during the entire second he was 
on the go 2: (4)?° (1-R) =4 (1-R); in 
other words, for just half the time dur- 
ing which his Uncle Henry’s foot was 
moving, so that in order to keep up with 
his uncle his foot had to move just twice 
as fast as the latter’s foot. Harry, who 
took three steps a second, was on the 
go (4)?- (1-R) in each step and hence 
3 (4)?- (1-R) =4 (1-R) in each second, 
which meant that having exactly one 
third of his father’s traveling time he 
had to travel three times as fast. In the 
same way, Harriet’s total traveling time 
was 6- (4)?- (1-R) or just one sixth of 
Henry’s traveling time, with the result 
that if she herself was to go as fast as 
her father, her foot had to go six times 
as fast as his foot. In short, I discov- 
ered the general law that I had been 
searching for. In any family of step- 


was therefore feet per second. The 


pers like the H family there is an 
nal velocity of each stepper w! 
proportionate to the frequency 
steps per unit of time and hence 
obtained by multiplying that freg 
by the internal velocity of a lea 
Standard Stepper whose freque: 
stepping is one per second. Let 
note the internal velocity of the 
ard stepper (whether actually ex 
or only potential does not matt 
» & 
bee <5 
standard step and R is the portion « 
unit of time during which the foot 
rest and therefore (1—-R) the ti 
which the foot is moving. Then, 
to denote the internal velocity and 
denote the frequency of any othe: 
per, we have as a true equation 
Cc 


where C is the length 


v=nu: V or v=nu- 


In the light of this equation it 
longer surprising that little 
kicked her pebbles the hardest of a 
family, for her feet moved the 
not in spite of but because of her 
being the shortest. Harriet was 
like an automobile which had to 
an average speed of sixty miles an 
but which had to stop for traffic 
every ten miles. You can imagin 
much faster such a ear would hay 
travel in between the stops, as com; 
with another car making the sam: 
eral average of sixty miles an hou 
only obstructed by traffic lights 


each sixty miles. The average ‘‘inter 


velocity’’ of the former car, by w! 
mean the velocity between each 
stops, would be six times as fast as 1 
of the latter, and the energy wh) 


would impart to either a pebble or 


pedestrian that got in its way wou 
correspondingly greater and sadder 
I was feeling very happy over 
analysis of the situation, knowing 
did that when a thing’s velocity 
creased it gained in energy, when s 
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Up: 
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gal pi 
real o 
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as C0) 
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with t 


And a 
energy) 


short ’ 


INTERPRETATION OF THE QUANT 


y all my happiness vanished and I 
ta most perplex: d and disconsolate 
hour. For it came over me that 

ile the velocity of the step varied with 
s frequency the energy of a moving 
ng varies not with the velocity itself 
h the velocity squared. It 
1 an oversight as only a child would 
ike and my chagrin and humiliation 
» bitter indeed. And then suddenly 
is all right again, for I bethought 
f a perfectly obvious fact that I had 
npletely forgotten to take account of, 
fact, namely, that the mass of the 

ler and foot of the varied 
lireetly with the length of his step or 
inversely with its frequency. The tiny 
eg and foot of Harriet, for example, 
were one sixth the mass of her father’s, 
Hal’s were a half, and Harry’s were a 
ird of that mass, therefore the energy 
mv’ will increase with the first power of 
v because the other power of v will be 


<x71¢ 
Veil 


was 


stepper 


neutralized, so to speak, by the decrease 
Thus, if we call Henry’s 
energy in each step mv* and if we bear 
in mind that the mass factor in Harriet’s 
im, in Harry’s 4m, and in Hal’s 
im, then Harriet’s energy will be sym- 
bolized by 4m(6v)?=6mv’; Harry’s will 
be 4m(3v)?=3mv?’; Hal’s will be 
)? = 2mv? ;sx general the 
of of the 


of the mass m. 


ep 1S 


and 
and in 
any member 


2v 


“‘step-energy’’ 


ly ; 
m 


v)?=nu- mv’. 


er 1 
family will be 
ni 


-m( vu 
t 


Up to now we have not spoken directly 

the energy of MHenry’s 
Whether from an old-fashioned conju- 
gal piety or from some special difficulty, 
real or imagined, Mrs. H. never mea- 
sured the energy of her husband’s steps 
as contained in the pebbles that he 
kicked. But if she had she would of 
course have found them 
with the general formula 


of steps. 


in agreement 


e=hnu 


And as in Henry’s case nu =1 his step- 
energy was h times 1 or simply h. In 
| . . . . 

short when energy is multiplied by time, 


ple is l 
pr rduet of energy 
—or 1S measured 


as 


as—the energy its 
say that his energy 
thing, nam 


| Hent 


and to note that the 


the same 
very well to eal 
members of his f 
multiples of tl 

erete multiplier, 

which determined t] 
termined the energy 
each step. But we 
that Henry’s energy, 
ean be expressed as on 


‘ 


ol the square ol 


Her 


a mass and 
Hence we ean éall 
but 


1© Fit 


not only h 
what is tl 
when multiplied togeth« 
2 are equal toh. TI 


He 


1 
not DO 


course the mass of 
and we will 
yet, as it pertains to 
secondary details of 
v’ is more import 

f the 


square ol vel 


inte rnal 


, 
Speed is 
r 


syste m of measurenie 


of the step of a pers 

single step in each unit 
My fable has been lon ts ap] 

cation can be very brief. The H family 


or rather the steps tak« 
of 


the family of light-waves which 


are course the fictional anal 


length and frequency from the lon 
of the radio waves to the shortest 


vamma waves. travel a 


Same constant velocity, which is. hov 


They all 
ever, not 6 feet a second, 
a second. 

The pebbles that were kicked 
ground and that received and re 
the of the 
them, are the electrons th: 


ff 
Uli 


the 


energy stepper who k 


cKe 


it are ki 


i 


nm DY 1tS mMembDers, 


alorue of 


range in 


a 


9 wv) 7 
but 8U0,000 km 


; 


vistered 


_¥ 
icked 


off the photoelectric screen with a ve- 


, 
} 


locity that embodies the energy of th 
impinging light-waves. As Mrs. H. ir 


) 
A 


ea 
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measured the energy of the 
and hence of the steps which 
caused their motion— -by her contrap- 
so does the physicist, by com- 


the fable 
pebbles 
tion,”’ 
pelling the electrons to pass through his 
magnetic and electrostatic fields, succeed 
in measuring their energy and hence in- 
directly the energy of the light-waves 
which caused their motion. Correspond- 
ing to Henry with his six-foot steps 
there is a potential light-wave whose fre- 
quency would be one a second, whose 
length would be 300,000 km and whose 
energy would be the real A as the energy 
of Henry’s step was the fictitious A. 
There is nothing intrinsically peculiar 
about this wave as such, but in our sys- 
tem of measurements it is most peculiar 
because its energy will figure as the mys- 
terious unit of which the energy of all 
other waves will be discrete multiples, 
as expressed in the famous equation 
e= nuh. 

The energy of the standard or unit 


wave will be $ M ( 


‘ 


where C is of 


U \, 
ie)” 


course the velocity of light, R the rest- 


ing-time of such a wave, (1-R) its 
going-time, and consequently =—~ its 
“ 1-R 

internal velocity. 

As for the mass factor, M, it would be 
a real but periodically intermittent con- 
densation (186,000 miles long) of the 
ether that was dear to Queen Victoria 
and her subjects. But if any one thinks 
that it would be better to describe this 
real but regularly intermittent mass- 
factor in a light-wave as a periodically 
recurrent non-Euclidean warp in space 
or space-time he is welcome to do so. 

My theory can be summed up as fol- 
lows: All light-waves have the same ez- 
ternal velocity or speed of propagation, 
but each of them has an internal velocity 
and hence an internal energy that is dif- 
ferent for different waves, being propor- 
tionate to the frequency or shortness of 
the waves in question. The validity of 
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this conception rests upon my fu 
mental hypothesis that a light-way 
analogous to the step of a man wal! 
in a certain manner, in that its 
period is divided into a resting-i 
which intervenes between the succes 
steps or pulses of propagation, a 
going-time in which the internal v: 
of the pulse or step passes from ; 
its maximum and 
greater the frequency of a wave p 
ond the greater the number of its res 
periods during that second, and t! 
the time that is left in which t 
traveling, and hence the faster it must 
if it is not to drop behind. In sh 

a wave of frequency nw is to keep wy 
the procession with all waves and in | 
ticular with a standard wave whose | 
queney is one per second, its indiy 
pulses will have to go nw times as { ta wave 
as those of the standard wave. Its a 

age internal velocity will thus be 


Someth 

imm 
back to zero. radian 
per s 


n POSs¢é 


enomel 
ing and 


sured by its frequency, and its resu! 
energy will equal one half the pr 
of its internal velocity squared and its tensity of 
mass. But if the mass-factor of versely Wi 
does itself vary inversely with from its s 
quency, which was our assumption 
its energy will be equal, not to the s 
power, but to the first power of its 
quency multiplied by the energy of 
standard wave. If Planck’s myst 
constant h is simply the energy 
standard electromagnetic wave 


ger ar 
ll natu 
‘h unit 
physicist 
sereen al 
energy. | 
at the ot] 
frequency then the energy of any the other 
wave will be nu times h. My ass) 
tion that the mass-factor varies invers 
with the frequency and directly wit] 
length of a wave is not an arbitrary « 
because the shorter the wave the less t 
volume of spatial field that underg 
the periodic concentration or warp 
that constitutes the 
wave. Our theory suggests the 
possibility of there being a quantu 
in every sys 


either cas 
from the 
ized from 
f the a 
intaet to 
will reco 
amount re 
think of 1 
tion of 

lenged ar 
unparalle 
Sir Willi: 
the situat 


mass-factor 


something analogous to it, 
tem of waves. 
Having now stated my interpreta! 


INTERPRETATION OF THE QUANTUM 


» nature of h and the reason for the 
iation e=h- nu, I turn to the second 
‘the three problems of the Quantum. 

Il. Tue RECONCILIATION OF THE UNDU- 

LATORY AND THE CORPUSCULAR 

ASPECTS OF RADIATION 


+ 


Something happens within an atom 
immediately there is emitted from 
radiant energy which travels away 
m its source with a velocity of 300,000 
per second. These units of radia- 

n possess many of the characteristics 

' Waves or periodic changes. Not only 
they seem to be of different length 
nd frequeney and to travel always at 
» same rate, regardless of the motion 
their source, but they exhibit the 
enomenon of interference, counteract- 
ing and enhancing one another. Now 
f a wave goes out in all directions from 
ts source, we can think of it as spread 
er the surface of a sphere, a sphere 
it is expanding with the speed of 
ght. One would suppose that the in- 
tensity of such a wave should vary in- 
versely with the square of its distance 
from its source. Covering a larger and 
irger area as its distance grows, there 
ill naturally be less and less of it for 
‘+h unit of area. Sooner or later a 
physicist will hold up a_ photoelectric 
screen and tap this wave to test its 
energy. The source of the wave may be 
at the other end of his laboratory or at 
the other end of the Milky Way, but in 
either case the entire energy that issued 
from the atom will be instantly mobil- 
ized from all over the spherical surface 
f the advancing wave and delivered 
intact to the electron whose movement 
will record the transaction and the 
amount received. Now when one tries to 
think of this instantaneous reconcentra- 
tion of energy, imagination is chal- 
lenged and reason baffled to an extent 
unparalleled in the history of science. 
Sir William Bragg has aptly compared 
the situation to one in which a wave is 


aroused by 
and spreads 
widening cire 
: KF} 

contact at 
ference with 
reassemblin 
shoots it 
vrreat 
log which far 
started the process. 

Confronted 
tend to abandon the e 
or radiation as consistin: 
The fact that distance 
the energy suggests that 
posed of some kind 
that were so we cou 
these corpuscular elen 
being unretarded 
maintain unchanged 


therefore their energy 
distance. As to the fac 


energy does not depend u 
} 


ness to the source it does 


their shortness or frequet 

at least hope to interpret 

discrete differences in the 

eorpuscles. The so-calle 

elements might, for examp! 
proportionately larger multiples of some 
ultimate unit of radiant mass. What 
we call the intensity > the radiation or 
the brightness of light 

purely a group-phenomenon, 

number of corpuscles tha 
time impinged on a unit 

And this number would vary inversely 
as the square of the distance, as intensity 
or brightness should do. From such a 
theory it would follow as a corollary 
that the intensity of light would be in- 
creased either by increasing the number 
of radiating units at the ‘ce or by 
lessening the distance of 1 recipient 
from the source; and the effect of such 
increased intensity on the photoelectric 
sereen would be what as a fact we find 


it to be, namely, an increase in the 
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number of electrons shot off and not an 
increase in their velocity. 

The corpuscular theory, however, 
while thus capable of explaining many 
of the properties of radiant energy, still 


appears incapable of explaining such in- 


eradicably undulatory properties as in- 
terference of radiations with one another 
and the continuity of their incidence 
upon a receiving surface such as the lens 
of a telescope. If light consisted of 
separate corpuscles their increased dis- 
tance from one another as they diverged 
or scattered from their center of origin 
(like a charge of bird shot from a gun) 
should become sufficiently great to make 
its effect appreciable in the form of gaps 
or discontinuities to an observer who was 
as far from some of the observed stars 
as we are. But though such an effect 
has been looked for, it has not been 
found. Light from the most distant 
sources preserves its continuity of fron- 
tal surface just as little waves would and 
just as little corpuscles wouldn’t and 
couldn ’t. 

There is moreover against this cor- 
puscular theory another objection, which 
is interesting in itself and which pos- 
sesses at least an ad hominem force. If 
light were composed of corpuscles, either 
the Ritz Hypothesis would be true or else 
the Doppler effect would be a one-way 
affair and would reveal to us an Abso- 
lute Motion expressed as an empirical 
difference between the situation in which 
a luminous source moves toward an ob- 
server, and the reverse situation in which 
the observer moves toward the luminous 
source. For in the latter case we should 
meet the light corpuscles with more force 
than if we stayed still, and thus be able 
to observe an increase of their energy as 
a Doppler shift toward the violet. But 
if the light-giving object was moving 
toward us and if the speed of the cor- 
puscles emitted by it was unaffected by 
the speed of their source they would 
reach us in greater number per unit of 
time but not with greater individual 


velocities. And thus the photoelk 
sereen would fail to register any 
toward the violet. The only way 
the specter of Absolute Motion wou 
to accept Ritz’s Hypothesis that 
being corpuscular, its velocity, lik 
velocity of an ordinary projectile, \ 
with the velocity of its source. It 
then make no difference whether 
moved faster toward the corpuscles 
whether they moved faster toward 
The shift toward the violet would in 1 
two cases be equally observable in 
increased energy of the individual « 
trons that were knocked off the p! 
electric screen. But this way of rest 
ing symmetry to the Doppler 


would be spurned by most physicists ar 


astronomers. For whether they 
Einsteinian Relativists or Newton 
Classicists they appear to agree in 
lieving that De Sitter’s deductions fr 
the observations of double stars, as 
as certain recent observations of 
aberration of light from distant nebu 
are conclusive disproof of the assu 
tion that the velocity of light varies vy 
the velocity of the source. To all 
lievers in Einstein’s Special Theory 
Relativity the implications of the 
puscular theory for the Doppler efl 
should have a fatally decisive thoug! 
hominem force. For in accepting 


corpuscular theory they would have t 


couple their acceptance either wit! 
belief in the Ritz Hypothesis or wit! 
belief in Absolute Motion. 

The whole situation is in a sense « 
perate. And desperate situations 
for desperate remedies. One such r 
edy is characterized by Sir Art! 
Eddington as the Sweepstake The 
The situation that leads to the th 
and the theory itself are set fort! 
him in ‘‘The Nature of the Physi 
Woerld’’ (pp. 185-190), from whic! 
quote the following passages: 


The pursuit of the quai.tum leads to n 
surprises; but probably none is more 


rageous to our preconceptions than the regat! 





Now t 
Sweepsta 
one whie 
state, bu 
presentir 

happe 
the exp 
probabili 
ning tic! 
actual e 
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light and other radiant energy int 
hen all the classical pictures show it 


and 


W 


rsing more more, C 


resuit 


atom on the 


ves which are the 
single 


DY a sing 


ir away a 


certain amount of energy 
with a certain period and the product 
s h. The period is carried by the 
thout change, but the energy spreads 
an ever-widening circle. Eight years 
mnths after the emission, the wave 


» to reich the earth. A few minutes 


s aue 
the arrival some person takes it into his 
go out and admire the glories of the 

+ | +) 


ns and—in short—to stick his eye in the 
‘ 
t 


The light waves when they started could 
had nm 


r all they knew they were bound on 


notion what they were goin 
ey through endless space, as most of th 
Their energy would 
pated beyond recovery 
billion (1012) radius—Ho t 
wed? Do the ripples striking the eye send 
essage round to the back part of the 


es were, 
over 
miles 


wave 


ng ‘*‘We have found an eye, let’s all crowd 
Suppose that the light waves 

f such intensity that, instead of each atom 
bing one millionth of a quantum one atom 
every million absorbs a whole quantum. 
whole quanta are absorbed is shown by 
toelectric experiments already described. 

ild seem that what the light-waves were 
bearing within reach of each atom was 

a millionth of millionth 
ice of The 


theory of light pictures and describes 


a quantum but a 


securing a whole quantum. 


evenly distributed over the whol 


ti ao 
ning 


front which has usually been identified 


well-established phi 
diffraction it 
ems impossible to deny this uniformity, but 


energy. Owing to 


ena such as interference and 
must give it another interpretation; it is a 
rm chance of energy. Following the 
ther old-fashioned definition of 
apacity for doing work’’ the waves carry 

er their whole front a 
It is the propagation of a chance 


energy as 


uniform chance of 
ng work, 


h the wave-theory studies. 


Now there are two objections to this 
Sweepstake Theory. First there is the 
one which Eddington himself goes on to 
state, but which I take the liberty of 
presenting in my own words. How does 

happen that the first atom to touch 
the expanding spherical surface of 
probability-waves always draws the win- 
ning ticket and receives the prize of 
actual energy? If a conjurer on the 


OF THE QUANTUM 


Stage threw 


audience a sc: 


eaught t! 


+4 


he was sit 


one of 

jurer had 
theater as a con 
where he was sitti 

in the pack was an 
latter conclusion woul 
making sure (as we act 
conjurer had only on 
winning aces in each pack 
out. The other conclusion as to 
ence of a 
And it would 
fascinating but ultra-qui 
Gilbert 
muster 
until it knows exactly 
that vibration will be 
recipient 
photoelectric screen may 


confederate would 


have its anal 


cue 
Lewis, that an 


urage 


ip c 


scientist with 


miles away in space and not 
born for 
light issues from the star 

ing to the Special Theory of 


} 


in the case of a light ray 


hundreds of year 

telativity, 
the spatial and 
temporal distances cancel one another, 
ds? — dt? = 0, 
the finish of the ray there is a kind of 
contact l 
port, which is the basis for 


and between the start and 
in space-time, a mystical rap 
Lewis’s feel 
ing that the atom must ‘‘know’’ where 
its light will land before it emits it. I 
do not 


know what Lewis would say 1 


the case of a physicist who, having rea 


his theory, decided to thwart destiny and 


instead of holding up his photoelectri 
screen at the time and place he had in 
tended before reading should decide to 
leave the date and location to be deter 
mined by the throw of dice. I 

think Lewis would have to sa: 
a situation that Fate could not be thus 


Say of 


circumvented and that the prophetic in- 
sight of the atom in the distant galaxy 


would have been so keen that it would 
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have foreseen or seen through the read- 
ing of Lewis’ book by the scientist, the 
easting of the dice, and their resulting 
configuration determining the time and 
place of the electronic recipient of the 
light—despite the fact that all these 
events happened ‘‘after’’ the light had 
been irrevocably started on its journey. 
Now, notwithstanding my friendship 
and high respect for Gilbert Lewis, I 
must really ask to be excused from be- 
lieving this. If it is true, as Lewis 
believes, that such an absurdity is actu- 
ally implied by Einstein’s Special The- 
ory, then all I ean say is, **So much the 
worse for the Special Theory.’’ 

But even if we waive this objection to 
the Sweepstake analogy we are immedi- 
ately confronted with another: What is 
to become of all the other chances of 
energy that have been propagated from 
the atom after the winning chance has 
been actualized? Lottery tickets that 
have been declared unsuccessful are at 
least worth the paper they are printed 
on and they continue to occupy space, 
albeit in the scrap baskets of their un- 
successful owners. But these unsuccess- 
ful probabilities that have been traveling 
outward with the velocity of 186,000 
miles a second and that are dispersed 
over the surface of the huge sphere have 
nothing to do and nothing to be. They 
lapse into absolute nonentity on the in- 
stant that the lucky ray conveys its 
freight of actual energy to the receiving 
electron. 

In view of all this it seems to me that 
the Sweepstake Theory completely fails 
and that, as Sir William Bragg has so 
happily phrased it, we are left with the 
necessity of teaching the classical theory 
of light on Monday, Wednesday and 
Friday and the quantum theory on Tues- 
day, Thursday and Saturday. Both can 
not be, and each must be, true. Such a 
situation is so outrageous that no one, 
not even the most extreme positivist or 
empiricist can ‘‘take it lying down.’’ 


Any one who has in the veins 

mind a single drop of the red b 

reason must demand satisfaction 

form of some conception of wha 
that is really happening to produ 

seemingly incompatible sets of a; 
ances. 

When doctors disagree or fail t 
there is a chance for the quack to | 
his nostrum; and as a poor but 
quack I want now to proffer my nostr 
At worst it will do no harm. 

Let us suppose that the myst 
entity that issues from an atom is a 
densation in the ether (or a non-E 
ean warp of ‘‘space’’), that is s 
like a cone but with so slender an 
of divergence as to approximate ; 
der, and that it moves outward fr 
atom at the speed of light. The pa 
this movement or the volume gen 
by it is a conical sector of a spher 
center is the center of the nucleus 
initiating atom and whose base 
vancing frontal surface is as distant 
may be. The movement outy 
through the volume of this expar 
cone is a periodic movement. It is t 
movement of an advancing wave 


shall assume that this movement consists 


of progressively alternating 
thrusts’’ like those of a cork-scre 
clockwise then counter-clockwise, 
clockwise, then counter-clockwise, 
so on. 

Perhaps I can bring my idea n 
clearly to your minds if I simply 
you to picture a long slender cor 
transversely into sections of «& 
length but remaining in situ, 7.¢., as t 
were before they were cut. Paint 
sections alternately black and white 
think of their contact surfaces as p 
sessing a cog-like mechanism such t! 
shortly after the right-hand or clo 
wise twist-thrust of one completes its: 


asi 


there will begin a counter-clockwis 
twist-thrust in the next. Then imagin 


the series of periodic and alternating 
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vist-thrusts to start from the apex of 
eone and travel outward, and the 

ng that you would see advancing out- 
ward and expanding as it went along 
and through the whole cone would be the 
kind of thing that according to my hy- 
light-wave is—a thing that 


pnotnesis a 


uld wriggle or worm or squirm its 
way through space at a velocity of 
186.000 miles a second. Let us eall 


thus conceived a 
Squirms could be of various 


and while 


he light-wave as 
‘‘squirm.”’ 
moths, as light-waves are; 
e speed of the procession as a whole 
would be the same, irrespective of the 
ength or correlated frequencies of the 
nstituent squirms, the internal velocity 
f each squirm (which is the measure of 
its energy) would vary inversely with 
its length and directly with its fre- 
For just as in the family of 
steppers in the fable, with which my 
paper began, the total period of each 
squirm would be divided into a going- 
The shorter 
the squirm the greater the number of its 
resting periods and hence the faster it 
would have to go during the time when 
And as the of a 
squirm varies inversely with its internal 
velocity, the internal energy or mv’ of 
the squirm varies directly only with the 
first power of that velocity which is in 
turn determined by its frequency and 
will therefore be expressed by multiply- 
ing its frequency, nu, by a constant. 
That constant is h, which is the unit 
energy of the standard or critical squirm 
which in our system of metrical units 
has a length of 300,000 kilometers and a 
frequency of one per All 
squirms of frequencies greater than one 
or multiples of one will have energies 
that are corresponding multiples of h. 

Now the foregoing characteristics of 
the light-squirms as to mass, length, fre- 
quency, external velocity and internal 
velocity are characteristics which they 
share with all waves. 


quency. 


time and a resting-time. 


it was going. mass 


second. 


First, though the mass of 


any squirm 
is a function of its length and hene 
remains unchanged no matter how far 
out from their source squirms of a giver 


length (that of red light, for example 
may have traveled, yet the character of 
the 


tensity of concentration decreasing as its 


changes; its 


mass 
volume increases, for it is obvious that 
the truncated sections of a cone, if they 


are of constant length, 


the further 


take up more 

space they are from the 

apex, 
Second, a squirm of radiant 


enerey 


as I conceive it, will ‘‘vibrate’’ in a 


direction nearly but not quite perpen 
dicular to its direction of propagation 
But this so-called vibration will consist 
of alternating rotations or twists which 
will lie in the ever-varying plane of a 
whorl to which 
longitudinal 
almost 


strikes the electron on the photoelectric 


shallow the ‘‘ray’’ or 
the 


Hence, when a squirm 


dimension of 
normal. 


cone 18 


screen it will cause it to move off side- 
ways rather than in the line of the light 
ray. 

Thirdly, the advancing front of the 
squirm will occupy the same proportion 
of the surface of a sphere at one distance 
as at another. 


roing out 


And a group of squirms 
from a light-emitting center 
will always remain as adjacent to one 
another as they were at the start. They 
will not the fatal capacity to 
scatter that disqualified the corpuscular 
hypothesis. 


] »OSSeSS 


They will be true waves 
and as such they will exhibit the requi 
site phenomena of undulatory interfer 

matter far from their 
But at the same time that they 
preserve their continuity as a group they 


ence, no how 


source, 


will also preserve their quasi-corpuscular 
discreteness and integrity as individuals 
The squirm is not only ‘‘big’’ enough to 
enter the astronomer’s telescope in the 
way it does, it is also ‘‘small’’ enough to 
be sucked in by the electron on the 
photoelectric screen of the physicist. No 


‘ 
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matter how large its frontal cross-section 
and the radius of its twist may be, the 
twist itself will be as much of a single 
unit as when it was first emitted and as 
such can impart all its energy to the 
electron almost on the instant of contact 
with the same ease with which a large 
top could impart its energy of spin to a 
small object with which it came into 
fatally intimate contact and in such a 
way that what was velocity of spin in 
the giver would become velocity of trans- 
lation in the receiver. 

In short, because of its seemingly har- 
monious combination of the undulatory 
characteristics of classic light with the 
corpuscular characteristics of quantic 
light, I respectfully nominate my 
*‘squirm’’ as a candidate for the high 
office of ‘‘wavicle,’’ the felicitious name 
suggested by Eddington for that blend 
of wave and particle which is the great 
desideratum for light as known to-day. 
It was the reconciliation of these appar- 
ently contradictory properties of radia- 
tion that constituted the second of our 
three problems of the Quantum. Let us 
now turn to the third and last of the 
puzzles—the nature of the emitting 
atom, tiny source of all the mischief. 


III. THe Nature or ATOMS AND THE 
MANNER OF THEIR DISCRETE BUT 
Continuous EMIssIONS 

I accept the hypothesis proposed by 
King and by other 
physicists that the electrons spin or 
rotate on their axes. I supplement this 
hypothesis with the further one that the 
protons also spin, and I propose to em- 
ploy these hypotheses in a manner that 
so far as I am informed has not been 
suggested before. 

An electric charge in rotation becomes 
a magnet with a north pole and a south 
pole. Hence the spinning protons and 


Professor Louis 


electrons are related to one another by 
magnetic as well as by electrostatic 
There are of course an infinity 


forces. 
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of angles possible between the axes — 
any two such spinning particles, | A 
wish to limit my discussion to the si a ”" 
case in which the axes of spin are shed fe 
actly, or very nearly, in line. I adopt - 
this limitation partly to avoid unma) Samee * 
ageable complexities and partly becaus f beh: 
I suspect that two spinning charg et 
freely interacting, would arrive at rapidly 
configuration sooner or later whate, » eke 
might have been the initial inclinatio: listane 
of their axes in relation to one anot! mina 
Observing this limitation, we can pict: will inc 
our pair of spinning particles with thei: tric for 
axes end to end or like a pair of spinning ind fin 
tops one above the other; and ther brantien 
would then appear to be four different ve, th 
situations to be taken account of. vhich 1 
(1) Two particles of dissimilar e! In th 
tric charge with similar magnetic p once 
adjacent. two pr 
(2) Two particles of dissimilar e selves ¢ 
trie charge with dissimilar magnet ticle of 
poles adjacent. vill rey 
(3) Two particles of similar electr inendit 
charge with similar magnetic poles uld « 
jacent. vet nea 
(4) Two particles of similar elect racti 
charge with dissimilar magnetic poles sion. 
adjacent. In sit 
These situations may be symbol similar] 
thus: distance 
- - ‘ i ‘ etic an 
és = s ther 
N Ss N N S S In sii 
1 N 2N 3 NorN 4 Bp: reverse 
+ + a 
8 8 8 S s S — ’ 
Ciectric 


magnetl 


In analyzing these four situations ‘oubl 
Gaouble 


there is a most important princip! 
which we must keep before our minds és 
When the dimensions of two magnet A. ds 
are negligibly small in comparison to th — ” 
distance between them, the magnet ~ a 


Here w 
force, whether of attraction or repuls , 


varies inversely not with the sec 
power but with the third power of t 
distance of the magnets from on 
other. 


similar 

netie po 
remarke 
attractic 
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Inasmuch as the electrostatic force of 
traction or repulsion varies inversely 
th the square of the distance it follows 

for our particles, which are both 
arges and magnets, the electrostatic 
ce will be the dominant determiner 
‘behavior at relatively large distances 
the magnetic force diminishing more 
rapidly with increase of distance than 

e electric) while at relatively small 
listances the magnetic force will be the 

minant determiner of behavior, for it 
will inerease more rapidly than the elec- 
trie force with the decrease of distance; 
ind finally, when the electric force is at- 

‘active and the magnetic force ts repul- 

ve, there will be a eritical distance at 
vhich the two forees will balance. 

In the light of these facts we can see 
it once that in situation number 4 the 
two protons or electrons, if by them- 
selves and uncemented by a third par- 

‘le of opposite charge between them, 
vill repel one another and execute an 
inending reciprocal retreat; for they 
vould ordinarily never have a chance to 
get near enough to have their magnetic 
ittraction dominate their electric repul- 

In situation number 3 where the two 
similarly charged particles suffer at all 
distances a double repulsion, both mag- 
netic and electric, their retreat from one 
nother will be even more obvious. 

In situation number 2 we have the 
reverse of number 3. Instead of suffer- 
ing a double repulsion the dissimilar 
charges with their dissimilar 
magnetic poles adjacent will enjoy a 
double attraction and will cuddle close 
into a nuclear nest. 

We now turn to situation number 1, 
which is by far the most interesting of 
the four that are listed in the diagram. 
Here we have two particles with dis- 
similar charges but with similar mag- 
netic poles adjacent. We have already 
remarked that such a blend of electric 
attraction and magnetic repulsion means 


electric 
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that when the distance 
particles is great the el 
predominate and the parti 


verge; but when the distance 


reverse will be true, magnetic 
predominate an the partic 


diverge. Between the ‘‘ creat 


and the ‘‘small’’ distances ther 
however, be an intermediate di 

which the opposed tendencies will just 
balance. In the hydrogen atom, for ex 
ample, with its single proton as nucleus 
and its single ‘‘planetary’’ electron 
there will be a critical distance between 
them, at which the magnetic repulsion 
will equal the electrostatic attraction 
Representing this critical distance by D, 
the magnetic force by Fm, and the elee 


trostatie foree by Fe, 


Km Fe ' D 
pP=—p» *m 


If by external influence 


tance of the electron 


some 


from the nucleus 


is made longer, the magnetic repulsive 
force will decrease more rapidly than 
the foree, and 
therefore the electron will tend to snap 
back inward. If, on the other hand, the 
distance is made shorter, 
repulsion will 
than the electric attraction and the elec- 
tron will tend to 
The two elements of the system, united 


electrostatic attractive 


the mag 


increase more rapidly 


snap back outward. 
as they are by their diverse forces, will 
constitute a sort of coiled spring such 
It will 


offer resistance both to compression or 


as one finds in chairs and sofas. 


shortening and to expansion or length- 
ening. This resistance will be as gentle 
as you please for slight changes in either 
direction, and proportionately stronger 
for greater changes 

I wish now to pass from these deduc- 
tions from my primary hypothesis’ and 
further and 
dary hypotheses. I these 
sidiary hypotheses or guesses very diffi- 


to propose certain 


secon- 


make sub- 
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dently and in the hope that if some or 
even all of them should prove to be not 
good they may nevertheless suggest to 
those more competent than myself hy- 
potheses that will be good. 

First, then, let us suppose that the 
proton-electron system above described 
ean vibrate in halves, thirds, quarters, 
fifths, ete., of its length. Such vibra- 
tions we will call its ‘‘tones.’’ And we 
will assume further that the system can 
entertain at least for a time several or 
all of them simultaneously, as a super- 
posed hierarchy of periodic motions. 

Secondly, let us suppose that that 
which in the first section of our discus- 
sion we called the ‘‘internal velocity’’ 
of the step or wave varies (when within 
the spring) not inversely but directly 
with the length of the step or wave. So 
that when the spring was vibrating in 
thirds, the internal velocity of those 
vibrations would be as much greater 
than the internal velocity of vibrations 
that were fourths as one third is greater 
than one fourth, and in general that the 
internal velocities of vibrations whose 
lengths were 1/n and 1/(n+r) would 
be to one another as 1/n is to1/(n+r). 
This is not as arbitrary a supposal as it 
might seem, for it is certainly true that 
the further you jam down (or stretch 
up) a coiled spring the harder and faster 
it will fly back. The greater the length 
of the periodic displacement the greater 
the velocity of return. 

Thirdly, let us suppose that the mass 
factor in these periodic movements 
does not vary directly with the length, 
and inversely with the internal speed, 
as in the case of the light-waves out- 
side the atom, which we discussed pre- 
viously, but that it is constant. It will 
be as though the mass of the whole sys- 
tem entered into each and all of its vi- 
brations. 

Now let us examine the implications 
of our supposals or postulates. We 
notice that if the atom be conceived as 


a spiral spring, its vibrations ar 
their lengths and velocities 
1/1, 1/2, 1/3,... 

which means that the energies of 1 
vibrations will be the products of a1 
factor, M,, characteristic of the sp: 
itself, and the squares of the sey 
velocities ; thus 


E =} M,-} (1 1)2, (1/2)2, 


These energies will travel in both di: 
tions, up and down the spring, from t 
nucleus out to the electron, and ba 
from the electron to the nucleus. N 
any one of these vibrations, if left 
itself, would go like a shuttle-cock 
tween two battledores, peaceably 
wards and back through the spring 
ever. There would be no frictio: 
slow it down and no way for it to 
out. But when one vibration meets 
overtakes another of a different le 
and rate—what then? Well, if the 
terference occurred within the atom, 
between the nucleus and the elect 
suppose that they would pass r 
through each other as proper waves d 
and be none the worse for it, their 
tegrities remaining unscathed by 
transitory union. Perhaps one of M 
well’s demons, if he lived in the at 
might hear some beats or differe 
tones, but that would be all. Not! 
would get to the ears of the out 
world. But now suppose that their 
terference occurred at the elect 
terminus of the trip. The vibr 
1/n just arriving meets the vib: 
1/(n+r) which is just starting b 
The electron which constitutes the « 
end of the spring can not accomm 
the two vibrations by moving in opp 
directions at the same instant. The sit 
ation is serious, and so far as I ca 
the lesser vibration, whose energy 


9 


- = 
+ M,- e5! would neutralize su 
n+r 


part of the stronger vibration as was 
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ial to itself, leaving an unneutralized 
remainder whose energy would be equal 
{ 1 ] 
In? (n+r)?] 


rt of ‘‘difference-tone,’ 


M, This remainder, 


would have 


thing to do but slip off into space, as a 
w-born squirm or light-wave, and go 
n about its business. The energy of the 
ung squirm, like that of any squirm, 
mld be equal to Planck’s constant, h, 


ultiplied by its own frequency, nu. 


But as witness to the values of its par- 


ts of whose unhappy union it was the 

its energy would also be equal to 

1 1 | 

M = = 
> |n? (n+r)?] 

inv positive integers.’ 


, where n and r are 


} The factor M, 
would have just the value that was nec- 
ssary to make h- nu, the difference- 


me,’ equal to the difference between 


ce 


1 “é >? l 
the two ‘‘ tones, and 
n ! 


—, from which 
. 


riginated. And that value would be 
characteristic of the type of atom emit- 
ting the radiation. From these consider- 
itions we ean see that a light-wave com- 
ng from an atom is not merely a mem- 
squirms but 


° 


ber of the general tribe of 
ilso a member of a special family as 
symbolized by the subscript letters in 
M,, M,, My, ete. That special family in 
the ease we are considering is the group 
of light-waves registering as lines in the 
spectrum of hydrogen. It is a large 
family, containing perhaps an infinite 
number of members. But the members 
are by no means a continuum composed 
of all possible values. They have only 
such values as are represented by the 
lifferences between pairs of terms in the 
series, 

Let us glance briefly at the prospec- 
tive history of a squirm such as the one 
whose birth we have described. It glides 
out into the ether and swims freely but 
in the direction determined by the line 
that joined the proton and electron at 


*I believe, however, that usually if not al- 


wavs r-]. 


OF THE QUANTUM 


instant of its leaving them. It 


the 
squirms its way along, with alternating 
twist-thrusts, at the rate of 186,000 miles 
ts larger as it 


a second. Its volume gt 


occupies successively the larger and 
larger truncated 


which is its path and from w 


sections of 


it originated and toward whose infi) J 
But this growth 


distant base it travels 
dimi 


nution in density. As it grows bigger 


in volume is balanced by an equa 


it becomes more and more tenuous, wit! 
the result that since its leneth and inter 
nal veloc ity do not change, its 


and mass also remain constant. 

There are two alt 
store for every squirm ; 
and tragic, the other happy if not 


The ignominious fate that may b« 


rnative destinies in 
one, ignominious 
glorl 
ous. 
fall a squirm is to be swallowed by an 
electron and utilized as food to give the 
electron energy of translation. In hav- 
ing its own periodic motion thus trans 
formed into the 

translation, its specific structural iden- 
tity is permanently lost and only its 
quantity is conserved—destined perhaps 


to be measured by a scientist if 


electron’s motion of 


the de 
vouring electron is located on a photo 
electric screen. Let us suppose, how 
ever, that the squirm escapes this death 
by absorption. In the 


travels it will meet with various atoms 


course of its 


In some of these atoms the defining con 
stant, M, or M, 

defining constant M,) wil 
no product of the form 


differing from its own 


| be such that 


will be equal to , M 

n+r 
or the particular value of h - nu, which 
is the energy measure of the squirm in 
question. Atoms of this kind will 
neither absorb and devour our squirm, 
He will be 
and 
reflected by 


have 


nor will they welcome him. 
turned 
simply 
however, he 


courteously trans- 
mitted or 


Some day, 


away, 
them. 


may the 
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luck to meet with an atom of his own 


family, a hydrogen atom, one line in 
whose spectrum belongs to him. It will 
be then that he will have recourse to 
his birth-certificate and recall that he is 
not merely h-nu but also and equally 
I 

| n? 

As such, he will enter the atom by the 
same type of door as that through which 
he came out, and be peacefully trans- 
muted from a ‘‘difference-tone’’ into 
two ‘‘terms’’ or ‘‘tones’’ whose differ- 
ence in energy is equal to what his 


1M, / 


- > 


energy was. 

In short, atoms give light of a definite 
wave-length and frequency represented 
by a definite line in the spectrum by 
synthesizing their internal and self-con- 
tained vibrations, ‘‘terms’’ or ‘‘tones’”’ 
and emitting a ‘‘difference-tone.’’ They 
receive light-waves by analyzing a ‘‘dif- 
ference-tone’’ (when it can be so ana- 
lyzed) into two of their own tones. 
Emission is a case of 

jt 1 | 
2 M,, qweee la* (n ; r) 
becoming hk nu. Reception is a case of 


a) 


this process reversed. 

Let us conclude with some reflections 
upon atoms other than hydrogen, in the 
light of our theory of an atom as a sort 
of spiral spring constituted by the bal- 
ance at a critical distance of two forces, 
a magnetic repulsion varying inversely 
as the third power and an electrostatic 
attraction varying inversely as the sec- 
ond power—these forees to obtain be- 
tween and to originate from a positively 
charged and predominantly protonic 
nucleus that spins one way, and an op- 
positely situated negatively charged and 
exclusively electronic ‘‘planet’’ (or 
‘*planets’’) spinning the same way. By 
‘‘oppositely situated’’ I mean, as pre- 
viously stated, that a line joining the 
centers of the nucleus and any ‘“‘planet’’ 
would be perpendicular (or more or less 
nearly perpendicular) to the planes of 


their respective rotations. The « 
guardedness of the above statem 
necessary to make the definition 
merely the special and limitingly si 
ease of the hydrogen atom but t! 
eral class of cases exemplified 
other atoms, from helium to uran 
With the protons and electr 
ing alternately as a sort of ceme: 
one another, various nuclear str 
would be possible. The structu 
the alpha-particle or helium n 
seems to be the most stable; 
that reason it is an apparently 
sal element in all complex atomic nu 
Such complex nuclei containing 
electrons and protons might ex 
different directions of spin, but 
these directions would probably 
dominate. There would then be 
ical distance for as many ‘‘ pla: 
electrons as were needed to make 
the electronic deficit in the nue 
which deficit defines the Atomic N 
ber. The planetary electrons could 
however, all occupy the same pos 
They would push one another s 
away and take their places on a sl 
plane that was curved like the sur 
of a parachute. With respect t 
the nuclear center would occupy 
sition analogous to that of tl] 
hanging from the parachute. 
might be several such shells, one | 
the other, and except in the case of 
drogen they would probably be 
on both sides of the nucleus. The w 
structure would thus resemble an / 
glass. Between the nucleus and eac! 
the outside electrons there would 
the same sort of spring-like balance 
forces as we found in the hydrogen a 


‘‘Tones’’ and the ‘‘difference-tones’ 


that were emitted and absorbed w 
also exist in the same way. And 
atom would thus have its series of 5} 
tral lines different from, but on the san 
generic plan as, that of hydrogen. 

If the ordinary light-waves, toget 
with the infra-red, the ultra-violet 
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ups the x-rays, are to be accounted 


by the vibrations between 
nucleus and the outlying or so-called 


etary electrons, what provision does 


passing 


ypothesis make for those very short 
the 


radiation 
+h appears to have an exclusively 


s such vamma 


as 
tra-nuclear origin? So little is known 
ut the detailed 

us that 
such a 


structure of the 


even the rm tentative 


swer to question may seem 


We de 


protons are for s 


rdly worth while. know, how- 
the 


nearly two thousand times the 


ver, that me 
mass of the electrons and we know also 
there are no atoms with negative 
numbers; in other words, every 
se-packed or nuclear configuration of 
tons and electrons contains an excess 

f the former. It may be that this ex- 
of protons over electrons in the 
due to the fact that the 
creater inertia of two protons would 
use them to separate less rapidly in 


, 


‘leus 1s 


nN 


response to their electrostatic repulsion 
in a pair of equally repellent electrons, 
ind that it would thus be easier for one 
ectron to cement together two protons, 
is in the newly discovered isotope of hy- 
lrogen, or two electrons to bind together 

* protons as in the ubiquitous alpha- 
than for a larger number of 
be cemented by a smaller 
number of protons. In any event, on 
our hypothesis of the protons and elec- 
trons as spinning and as being therefore 
not merely electrostatic but also mag- 
netic, there would be spring-like bal- 
ances of repulsion and attraction within 
nucleus as_ well the 
nucleus and the outlying electrons. 
And from the vibrations within these 
purely intra-nuclear ‘‘springs’’ there 
might proceed as ‘‘difference-tones”’ 
the gamma rays and possibly even the 
cosmic rays. 

Although the exigencies recent 
Quantum theories have required the 
abandonment of the attractively simple 


particle, 


ectrons to 


the as between 


of 


OF THE QUANTUM 
model of 
unless 


atom, yet 


relatively 


radiant 

track t 

bad enou: 
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type of 

would naturally 
dynamic type whic! 
And 


advantage there had 


to necessitate. 


reason of the (Juant 


intolerably arbitrary 
bits, separated fr 
grooves, between whic! 
must choose with n 
mediate paths, the 
became almost too 


Let 


the purely senti 


us then remember that apart 


solar system (which 
irrelevance may 
i unconsciou 
the only 


the outyling electrons revolve aroun 


In an 
tiveness making 


; 
' 
A 


their positively charged nucleus was to 


keep them from falling into it. If it is 
possible by such a hy} iS ¢ he 
advanced to explain thr a 


of magnetic repulsion 


balance 
and electric at 
traction the existence of electrons held at 
arm’s length from their nucleus without 
the necessity of preserving their distance 
by the centrifugal force of 
that 


static 


planetary 
advantage? 
not 
revived in 


revolution—is not 
And if the atom can 
then be revived, but be 
such a form that its discretely quantic 
radiation for the 
‘‘ difference-tones’’ or terminal interfer 
ences of the various waves which, 
the and 
string, would 


an 
only 


ean be accounted 


as 


B28. 
i1lKe 


tones overtones of a musical 


run to and fro over the 
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spring-like field connecting nucleus and 
electrons, is that not a further advan- 
tage of sufficient promise to extenuate 
the crime of a layman in venturing with 
amateur conceptions into regions where, 
until further facts are known, even ex- 
perts fear to tread? 

I conelude these highly speculative 
suggestions with four still more specu- 
lative corollaries in the form of queries. 

(1) Is it not possible that the wave- 
like behavior of particles, not only elec- 
trons and protons, but even atoms and 
molecules, could be explained by their 
postulated spins which would undergo 
periodie retardation and acceleration on 
contact with obstructions such as screens 
and gratings? 

(2) Is it not possible that the puz- 
zlingly excessive radiation of the stars 
is caused by clashes between their in- 
trinsically spinning corpuscles rather 
than (as is currently supposed) by a 


destruction of their mass through a sui- 


eidal proto-electronic amalgamation ? 

3) Knowing as we do that alpha and 
beta particles are expelled with enor- 
mous velocities from the nuclei of radio- 
active atoms, is it not possible, and even 
probable, that these velocities have their 
source in a primal energy of spin on the 


part of the corpuseles composing the 


nucleus? For when rapidly r 
particles come in contact with or 
other part of their energy of rotat 
changed into energy of translatio 

tacts of this violently disruptive 
might well be periodically recurre 


would certainly be more noticeab 


quent in the massive, complicate THE 
therefore presumably unstable nue meet a 
radium and uranium. me | 
4) If a light wave or squirm e mmit 
ing of alternating twist-thrusts wer s 
encounter an obstacle that would neit t the 
transmit nor reflect it, but simply sto; Comme 
it from going forward, absorbing - dev 
energy of its thrust without im ‘plan 
the energy of its twist. would not Dp ic 
wave then become a particle—electr There 
positron, according to its direct that ur 
twist, when stopped? Such part ction 
would seem to differ from the \ dist 
from which they originated (and ines 
which, when the circumstances wi eapel 
versed they could return) only in 1 there b 
that a twist which loses its { Some 
thrust must continue its twisting a iS an 
come a stationary spinning part rs 


while conversely a twist that acqu 


thrust must spend itself by indy 


t« 

counter twist or twist-thrust direct i 
front of where it was, and so beco1 » ore 
advancing wave it t 
be a 
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AIR “FLIVVERS” 


By Dr. EDWIN G. DEXTER 


UNITED STATES VETERANS ADM 


Tue question of cheap airplanes to 
eet a presumed popular demand has 
prominently to the front, and a 
mmittee made up of outstanding lead- 
s in American aeronautics, appointed 
the authorization of the Secretary of 
Commerce, has met to study the problem 
developing a $700 volume-produced 
rplane for private use—in other words, 
» place on the market an air ‘‘flivver.’’ 
ere is no reason seriously to doubt 
t under modern methods of mass pro- 
ion, it ean be done, nor that in the 
listant future, small but dependable 
anes can be bought at the price of the 
eaper grades of automobile. But will 
ere be a market for them? 
Some time ago, the following appeared 
43 an editorial in one of the leading 
ipers of the country: 
THE CITIZEN AND THE AIRPLANE 
failure of the public to patronize the air 
ne industry is no longer concealed. Ameri 
ns are not becoming pilots in numbers suf 
ent to warrant the expectation that there 
be a profitable business in selling airplanes 
ndividuals for private use. Manufacturers 
ve clung to the notion that the public would 
ke up flying and thus create an industry com- 
parable to the automobile industry; but in spite 
f reduction of prices and some improvement in 
direction of safety, airplanes are a drug on 
market. 
The faet that Henry Ford explored the possi 
ty of developing a market for small and 
eap airplanes for private use, and did not find 
prospects worth while, is pretty good evidence 
hat no such potential market exists at present. 


Comment of a similar nature is more or 
less general. 

What are the facts in support of such 
a contention ? 


INISTRATION, WASHINGTO> 


Bleriot flew the 
1909—nearly 
During the world 
about everything 
long-distance 
and Brown ma 
Newfoundland 
which has been 
since, and in tl] 
Sent a piane ac! 
was nearly fift 
transatiantic 
front page. It takes 
journey or its equivalent 
a non-stop refueling fli 
lines there. 

More than one 


round-trip flights are 


daily by our commercial 


the continental U2 
daily average of 136 
carrying some 2,000 
would seem to be 
hazard. Mechaniea 
arrived, and 
of peop! are 
transportation 
quite a different st 
little or no evider 
any hold 
means of « 
being generally used for other than util 
tarian ends. Let us see 

The November 15, 1933, bulletin pub 
lished by the Aeronautics Branch of the 
Department of Commerce lists 6,862 
planes under the heading ‘Aircraft 
Licenses Active’’ and 2,314 under ‘‘ Air 
eraft Unlicensed Active,’’ making 9,176 
heavier-than-air units—other than glid 
ers—operable within the United States 


861 
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This does not include planes of the 
Army, Navy or Coast Guard. 

These figures mean that there are in 
the country 9,176 planes used in com- 
mercial aviation or which are the prop- 
erty of individual owners and presum- 
ably used for pleasure. I have not been 
able to secure data which would show 
with any degree of exactness the number 
of planes belonging to the latter class; 
that is, pleasure planes, but an inspec- 
tion of the ownership lists prepared by 
the Aeronautical Chamber of Commerce 
of the United States would seem to indi- 
eate that one in three would be a most 
generous estimate. If this be so, there 
are in the country at the present time 
roughly 3,000 planes of all descriptions 
bought for other than business purposes, 
and this number may be taken as in a 
sense a measure of the air-mindedness of 
the American people, as questioned in 
the editorial above given. 

It is true of course that the 6,000 
planes used strictly for commercial pur- 
poses, as well as some thousands owned 
by the Army, Navy and Coast Guard, 
have given airplane producers their 
principal support up to the present 
time, but the demand along these lines is 
and will continue to be limited and the 
real future of aviation is determined 
largely by the desire or the lack of de- 
sire on the part of the people to fly as 
they have driven their automobiles. The 
automobile industry has been prosper- 
ous, not because of the half million 
buses and trucks produced annually 
but because of the millions of pleasure 
cars sold. 

The question then is: Do the roughly 
3,000 planes, owned by individuals, and 
used presumably for other than commer- 
cial purposes, meet a reasonable expec- 
taney, and do they give promise of a 
future for aviation in any way approxi- 
mating that of the automobile? 

A total of less than 10,000 planes reg- 
istered at the end of the fifteen-year 
period since the Atlantic was spanned by 


air, with seemingly not more than 3.() 
planes bought for other than ga 
purposes, can not, even by the most ep. 
thusiastic aviation fan, be interpreted as 
evidence of a boom. One plane to some 
12,000 inhabitants or, of privately owned 
planes, one to each 42,000 must be any. 
thing but encouraging to the producers 

Something seems to be wrong with 
aviation. What is it? It might be that 
production of planes has not kept w 
with demand and that potential buyers 
could not secure delivery. But on July 
1, 1930, there were listed by the Depart. 
ment of Commerce 217 firms which wer 
manufacturing planes on a commercia! 
basis. They had produced 1,684 planes 
during the first six months of that year 
or about seven planes each. I do not 
know how many of the firms listed 
1930 have since gone to the wall, but 
during the nine months from January | 
to October 1, 1933, 1,065 planes were 
produced, only 552 of which were listed 
as cv and commercial. 

If, as is presumable, but one in three 
of these is for private use, it means that 
less than two hundred planes were pur 
chased during that period for anything 
that might approximate “‘ flwver”’ activi- 
ties. It may, I think, safely be assumed 
that the firms were not back on their 
orders and that any person with the de- 
sire for a plane and the cash to back it 
up could have had such desire prompt); 
gratified. 

But how about the cost? Were it not 
for the fact that the American people 
have shown a determination to have 
what they want, irrespective of expense, 
the purchase price of a plane might wel! 
be considered a distinct setback to the 
popularization of aviation; in the last 
twelve years, however, they have spent 
some $30,000,000,000 for passenger auto- 
mobiles, $3,000,000,000 for radios and 
$12,000,000,000 to go to the movies 
There is money for what is wanted 
Even during the lean year of 1933, more 
than 2,000,000 automobiles, including 
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ATR **FLIVVERS”’ 


trucks, were purchased at a cost exceed- 
‘ng $1,200,000,000. If one in fifty of 
-hese cars was in the $2,500 class, and it 
seems to me that would be a safe assump- 
rion. it would mean 40,000 such cars pur- 
chased. But dependable planes are on 
‘he market for less than that; and in 
ine months 552 were bought, most of 
which were for commercial purposes. 

No, it is not the cost of planes that is 
the matter; nor presumably the cost of 
gasoline, since a small plane will make 
:pproximately as many miles on a gal- 
lon as will an automobile of approxi- 
mately the same cost. We shall have to 
look further for a valid alibi for our 
:viation boom. 

But a man can not keep his plane in 
the garage. Perhaps there’s the rub. 
Again let us refer to the Department of 
Commerce Bulletin. On November 15, 
1933, there were in the country 2,172 
landing fields, no state being without 
more. Of these fields 556 are 
lesignated as ‘‘municipal,’’ 656 as 
‘‘commercial,’’ 266 as ‘‘Department of 
Commerce, intermediate’’ and 540 as 
‘marked auxiliary’’; 627 have night- 
ighting equipment. I do not know how 
many golf courses there are in the coun- 
try, but it would seem to me that flying 
fields must be about as available as they 
ire, and very few addicted to the ancient 
ind royal game seem to find distance an 
insurmountable obstacle to its enjoy- 
ment. 

Maybe the trouble is in learning to 
fly: Inconvenience, cost, time required, 
difficulty and all that. Once more our 
good friend, the Department of Com- 
merce. Three years ago it listed 283 
schools of aviation situated in 234 cities 
and towns, with no state omitted except 
New Mexico. No one would have to go 
so very far from home, and the cost for 
the full course, including the use of 
planes for the required flying time, 
varied from $200 to $500; the time re- 
quired from two to four months. These 


ye or 


prices and time limits do not in all in 
stances include ground instruction, but 
this is not required for the pilot’s license 
The then of learning to fly is 
roughly equivalent to that of a semester 
to a full year’s tuition in a first-class 
medical or law school and the time re 
quired from one sixteenth to one sixth of 
the full medical or law course. The 
courses do not seem to have been over- 
erowded, judging from the total of 
14,190 licensed pilots registered on No- 
vember 15, 1933. This number is, by 
the way, 3,549 less than in 1931. I can 
think of no other element in the physica! 
aspects of the aviation problem which 
may have militated against its successful 
solution. 

There are plenty of people to make a 
market for planes; plenty of facilities 
for the production of them if wanted; 
plenty of schools for the training of 
pilots ; plenty of air fields and seemingly 
plenty of money, if we are to judge by 
the expenditure for autos, radios, 
movies, ete. Yet people have not, in any 
considerable numbers, bought planes. 
The paltry 552 planes absorbed by our 
civilian population in the first nine 
months of the twenty-fifth year since 
Bleriot flew the English Channel is suf- 
ficient evidence of this. With the physi- 
eal aspects of the problem exhausted 
there is nothing left but to turn to the 
psychological; and here I fear we have 
found the solution. 

Airplanes take us into a third-space 
dimension which since man was man has 
penalized the intruder. As a _ result 
there has been developed a more or less 
gveneral aversion toward getting far from 
terra firma. Long before Wright ever 
saw Kitty Hawk, psychologists had ree- 
ognized the fact and had given it the 
Greek name Acrophobia. They have, it 
is true, placed it in the category of ab- 
normal mental states—and therein lies 
our only hope for aviation, that it be 
abnormal—but the more I study the sub- 


cost 
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ject the more I am convinced that the 


provided. None of the former 


feeling is so general as to place it among broke their necks, since for them 
the normal instinctive repugnances. was nothing to fall from; so they . 
Do we read with equal horror the ac- till the end of the chapter, br 
count of a head-on collision between progeny which, like their parents xt 
two planes high in the air, and one be- generally not climbers. Not so w 
tween two automobiles, the casualties others. The hazard of height was 2 
being the same in each case? handicap. Some of them crash: ™* 
Do the same tremors creep up our after a thousand generations m - 
spines at the thought of Jones falling less of elimination of the climbers is 
downstairs and breaking his neck, that the survival of the non-climbers, w: , 
do in contemplation of Linianthal’s act few or very few of the former left ms 
of jumping from his plane, a mile high Every instinctive act or ay e 
over the English Channel? whether of man or the lower anin . 
Are those people who feel ill at ease explained by biologists in the sam« ™ 
while gazing down from heights like ner. For example: Far back in t) | 
those of the Empire Building, the lution of the cat, some individuals aaen 
Woolworth Building or the topnotches to bask in the open spaces of the 7 
of a Ferris Wheel so few as to place scape, while others preferred ved 
them in the class of abnormals? Are cluded spots around the edges. N posite 
those who shudder at the sight of a of them had figured out any advant I 
steeplejack, or a structural worker on a_ in either location. This primitive fe . 
beam fifty stories up, normal or abnor- could not hold its own in a stand-up Nor is 
mal? Is the classic nightmare of falling knock-down fight with its jungle wort 
through space an indication of mental sary. Its safety was in concealn rdly 1 
aberration? Is the person who alights flight. In this, those individuals n. | 
from the basket of a captive balloon the edges had the distinct advant the ¢ 
after a thousand feet in the air, with a and in the long run, more of them s rero 
profound feeling of relief to be down, vived than of the others. Sine we ( 
abnormal? I believe not. A frank con- begets like, and the survivors possess id 
fession would probably disclose the fact the edge-loitering characteristic yup 
that most of us have those feelings, and has evolved the instinctive avers to we 
that the fear of the abyss is a part of manifest in all small felines, se th 
our emotional make-up. spots which do not provide a ws use Wi 
Following the general arguments of ered and instantaneous retreat, mall, a 
the biologists, it should be, since the the wide spaces. Probably none The 
fundamental principle of evolution is why they evade them. But ently 
‘‘safety first,’’ and in the long run it is stray tabby come along, lacking aviat 
safer to be down than up. Their ex- stinct, and the chances are that inger | 
planation would be that somewhere far be eliminated in short order. m of 1 
back in the development of the genus So it is with all instincts—a pu It isn 
Homo and fully in accordance with the fortuituous origin, so far as we ki n is | 


law of universal variation, there were 
certain individuals who loved terra firma 
and never budged from it, and at the 
same time certain others, who had no 
such feeling, but loved to climb and pro- 


and a progressive selection for survival 
those tending in the direction of t! 
stinect. Generation after generation, ' 
becomes more compelling; it can ! 
eliminated by any process of reason : 


by insti 


pureiv ¢ 


‘lass wil 


the only 


who ma 


ean only be inhibited by a distinct and those fo 
in human beings—usually a distressing idvanta 


ceeded to get as high as they could, up 
trees, crags and whatever the landscape 















WILL. Instincts are, so to speak, 


t ire’s life preservers. They have de- 
ned almost entirely the behavior of 
wer animals and, to a considerable 
iat of man in those 
to him 


is no instinctive aversion to air- 


fields which 


XI S % 


mmon and his ancest 


ors. 


es, Since they were unknown to our 


irs. There is none to high speed, 
such as we attain in our automobiles, 
they could not by any possibility 


fast enough to hurt themselves much. 
Sut they could get high enough to break 
necks from Hence, our in- 
tive love of terra firma. And do not 

ce the error of supposing that this in- 


falls. 


stinet is rational or that it is based upon 
y conscious evaluation of the hazard 
nvolved. Instinct and reason are at the 


nposite extremes of behaviorism 
I do not like you, Mr. Fell; 


reason why I can not tell. 


rhe 

Nor is it fear in the ordinary sense of 
the word. Flying is now relatively safe, 
irdly more dangerous than travel by 
“aln People are not generally deterred 
the danger involved. We know it is 
ingerous nowadays to cross a street, 
A perusal of the data 
iccidents shows that it 


we cross it. 
is dangerous 
vo upstairs, downstairs, to take a bath 
Yet we do all 
ese things without compunction, be- 


*to walk across a rug. 


1use we know the chance of accident is 

small, and we are willing to gamble on 

They are all dangerous, but not suf- 
to deter The 


; drag 
n aviation is not. I believe, due to its 


‘iently so as us. 
langer as based on a conscious evalua- 
tion of the hazard. 

It is my belief that the future of avia- 

mn is determined not rational but 
by instinetive limitation ; that its field is 
purely one of utility; that people as a 
‘lass will not fly as a diversion, and that 
the only persistent flyers will be those 
who make their living by flying and 
those for whom it presents a financial 
idvantage or meets an emergency which 


by 








AIR **FLIVVERS” 


ean not be ignored. Yet this be 





it does not by anv means relegate avia 


tion to a back seat, ex ‘ept in mparis 
with the front seat hoped for 

The railroad, the motor bus and, 
larve deo I r me W ! 
above Sta ed Imit ns N ) y 3 
m any of them, I t 
It, unless 1T De s Ss 
And yet a re reasonably prosperous 
But aviation, in com] wl 
them, must present vantages Vv 
will overcome the inherent aversion, a} 
that is no small har dicap 

The hope that aviation will in any 
simulate automobiling in ts deve 
ment is, | il a iT ad an a 
dream. It has shown no evidence « 
so far, and it has had time. If one } 
son a day uses each registered autor 
bile merely ror pl sure 
23,000,000 joy-riders eac] ! 


hours; and 500.000 are estimated to hav: 


flown in 365 days; and I will wager t 
very few of them failed to have a dis 
tinct feeling of relief when thei 


touched terra firma 
‘barnstormed’’ wit] 
told me that i 
all his experience he had had 


A man who had 


a plane for months once 


nderstanding 


+ 
\< Lt) 


repeater. It is my u 


that a considerable proportion of the r 


} + 
DUL One 


turn tickets on round-trip excursions by) 


air are never presented 


But, you ask, eve though we accep 
this thesis of an instinctive aversion t 
vetting far from terra firma, will 1 
next generation, born alr-wise, so 


speak, have lost it There is nothing n 


the development of instinct that woul 


lead us to believe s Traits inbred 
through long generations can only be 
bred out in the same slow manner. I 
have a good old dog at home which has 
been a member of the family for more 


had no dif 
that 


ive 


I hi 


him 


than a dozen years. 
ficulty 
sofas and easy chairs 


Yet I have utterly failed to teac! 


in teaching 
are 


him. 


beds al d 


’ 
no piace ior 
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him not to bark at the sound of a strange 
footstep on the stairs. Back, nobody 
knows how far, his ancestors barked at 
unfamiliar sounds; and that is why they 
were his ancestors. Those which did not 
failed to survive, since the noise either 
frightened the adversary or called the 
pack. My dog is not afraid of what the 
strange footsteps mean, but he can not 
inhibit the bark. No animal, human or 
other, ever tries harder to do what is ex- 
pected of him than that dog, and he fre- 
quently comes to me with evident shame 
at the failure of his attempts to obey and 
be quiet; but there is still a little yelp 
which it is beyond his power to repress. 
It had taken him thousands of gehera- 
tions to learn that bark, and it will not 
be unlearned in another. And the same 
is true for anything learned by the same 
slow process. 

We are, however, safe in assuming 
that human beings may be more success- 
ful in inhibiting the expression of an 
instinct than are the lower animals. 
Even though our instinctive aversion to 
heights exists, it does not mean that no- 
body will fly. It would not surprise me 
if nearly everybody did at least once, 
though there is little evidenceso far that 
this is true. We like to prove to our- 
selves and to others that we are brave. 
Then there will always be the necessary 
personnel to man the ships, whether they 
be service or commercial; but they will 


no more fly for the fun of it than th 
now, and most of them will be | 
forward to the time when they can s 


ground positions, as they are now. T 


will always be, moreover, a group, th: 


size of which will be determined by 
ditions of the commercial air service, 
will fly and continue to fly more or 
indefinitely because the advantages 
getting somewhere by the air route 
so great as to lead them to overcome t 
instinctive aversion by fiat of will. B 
the emergency must be relatively ¢g 
or the fare relatively small, to make t 
a sizable group. It would n 


strange, too, if a limited number utter) 


lacked the aversion which we have post 
lated. This would be entirely in ac 

with the biological principle of univers 
variation underlying the development 


instinctive aversions. But the sa 


feature of such atavistic tendencies 
their immediate elimination. If 

aversion followed nature’s ‘‘sa! 
first’’ slogan, its lack has always m 


the reverse with its consequent disas 


trous results. If those who, lik 
bird, feel perfectly at home and at 
in the air and who begrudge the t 


spent on terra firma could live long an 
breed fast, we might hope eventually ' 


develop a race of bird-men; but s 
persons would tend to be the Ica: 
modern aviation and suffer the 
fate. 
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SEEDS 


By Dr. J. T. BUCHHOLZ 


PROFESSOR OF BOTANY, 


Seeps are the most common device for 
reproduction among flowering plants. 
They are the only means of propagation 
for a large number of plants, including 
corn, wheat and other cereals, and for 
many of our garden vegetables and im- 
portant timber trees, such as pines. 
However, many plants do not have 
seeds, and these are dependent upon 
spores or other means of reproduction. 
mosses, mushrooms and pond 
are reproduced by means of 
spores, which are tiny rounded single 
cells that must begin to form a new 
plant after they are planted. Spores 
also make up the powder produced by a 
mould or mildew. A seed is much more 
complex than a spore. It consists of the 
embryo or minute baby plant enclosed 
ina seed coat. This embryo is made up 
of many thousands of living cells and is 
capable of resuming growth after a long 
or short period of dormancy and of be- 
coming a plant similar to the one from 
which it came. 

Thus we find the seed to be a sort of 
Rip Van Winkle episode in the experi- 
ence of every seed plant. For several 
weeks or months, the embryo develops, 
usually reaching a stage in which it has 
one or two leaves, the beginning of a 
root and a tiny bud. Then this tiny 
plant inside the seed coat goes into a 
period of dormancy, which may last 
only a few days or weeks or, in other in- 
stances, many years. 

The new plant, therefore, does not 
begin its existence when the seed is 
planted, but is formed long before this 
in the flower of the mother plant, which 
always precedes the formation of the 


Ferns, 
scums 


UNIVERSITY OF ILLINOIS 


fruit. It is obvious, therefore, that the 
seed does not die, as some people assume, 
in bringing forth new life; for the new 
plant is already formed and exists in 
miniature within the seed when the lat- 
ter is planted. 

If a seed is dissected by removing the 
seed coats, the embryo plant 
found inside, and it will possess practi- 
eally all the parts which may be seen in 
a seedling on the day after germination 


will be 


Take, for example, the seed of a radish 
or squash. This has, inside of the seed 
coat, an embryo plant with two seed 
leaves opposite each other, with a tiny 
bud between them, and below, the begin 
The seed and 


be straight as in a 


ning of a root. leaves 
young root 
squash or they may be folded and bent 
back on themselves within the seed coat 
in a great variety of ways. When this 
seed has germinated after planting, the 
unfold 


may 


themselves and 
end of a 
root, 


two seed leaves 
may be observed on the 
stalk, which is called a 
level where it penetrates the soil. 


below 


tiny bud, between the seed leaves, soon 
begins to grow rapidly and elongate into 
a leafy stem. 
seeds of tulips and onions, have only a 


Some seeds, such as the 
single slender or thread-like seed leaf 
with a bud placed along the side at the 
point where this single leaf may be co 
sidered as merging with the stem and 
root. 
seeds have only two parts, namely, the 
embryo and the seed coat, in many seeds 
the embryo is partially or wholly sur- 
rounded by a third part, a nutritional 
substance called endosperm. 

It is this endosperm which furnishes 


While beans, radishes and squash 
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the bulk of the starchy food supply seeds may remain dormant within 
found in wheat, corn and other cereals. seed coats for a number of years. 
The endosperm serves as a sort of nurse though all the mythical legends 
bottle for the baby plant to last until it viable seeds of wheat were obt 
emerges from the seed coat. In the from the tombs and pyramids of Eg: 
economy of the plant, it is the food in- have been disproved, the seeds of s 
tended for the embryo, but, alas for the plants have been known to remain 
new baby plant, it is also a source of mant for more than a century 
food for animals and man. Aside from germinate very promptly when p 
the foods obtained from potatoes and under suitable conditions. Thus a 
certain vegetables and roots, the large is a wonderful device, which may 
bulk of our starchy food supply comes serve a plant in a dormant cond 


from seeds, mostly from the endosperm, over a long period of time. 

the food supply of the wee plant stored Many so-called seeds are not 1 

within the seed. seeds but are in reality fruits. The t 
All seeds have endosperm in the early fruit to the botanist does not necess: 

stages of development, just after the refer to an edible part accompanying 

flower parts drop off. In the seeds of bearing seeds. The fruit is usually 


some plants a part of the endosperm part of a flower which matures 
remains much longer than this, but in’ with the seed, and often the fruit 
others it is entirely consumed by the pears as nothing more than an 
embryo before the seed is shed from the layer or two surrounding the seed 
mother plant. A fruit may contain many seeds or 

Whether the food is still stored in the a single seed; it may split open to s 
endosperm of a ripe seed or has been the seeds or it may remain closed and 
consumed by the baby plant so that it is vest the true seed permanently wi 
stored a second time within the embryo extra protective layer. Sunflower s: 
itself, as in the peanut, bean or walnut, acorns and other nuts, ranging ir aie 
this food supply does not spoil but is from the small caraway seed to the * th 
available as food for animal life. Thus nut, are dry fruits not easily separ 
we find that often the embryo stores its from the seed which they et 
food in the form of oil or fat, the most Naked seeds are illustrated by the p inal 
concentrated form in which food may be seed, the seeds of pine trees, of rad me 
stored. The Brazil nut is so oily that ishes, peas, beans, larkspur and cot $e 
one may expose the interior at one end The fibers of cotton are outgrowths 
and burn it as a candle. Of course the the surface of the seed coat and here 1 
embryo of a seed is also a source for pro- cotton boll is the fruit. ir: 
tein foods. It is a well-known fact that In size, seeds and one-seeded fruits ane ( 
beans and other legumes are one of our range from the tiny orchid seeds, s able 
most economical or cheapest sources of small that many thousands of 
protein food. would be required to weigh a gran 

Although the seed coat is the dead the large double coconut or sea coco! 
part of the seed, it furnishes a very im- growing on the palms of the Seye 
portant protective covering for the em- Islands of the Indian Ocean. The |at ; oo 
bryo. It protects the embryo from ter, which may reach a weight of of a 
excessive drying and mechanical injury, pounds, require about ten years to ! : 
and keeps out disease germs. However, ture, from blossom to fruit. In additio! grat 
the seed coat admits abundant water and to this, they require years to germ! 
oxygen when the seed is planted. Most when planted. 
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Fleshy fruits which do not split open 
1s ally shed their seeds in one way or 
nother, though this may not happen 
fore the fruit decays. 
ntains hundreds of seeds, the persim- 
n and apple about a half dozen and 


i 


Thus the melon 


plum and cherry only one, from 
ich the fleshy parts are eaten by man 
the 


are 


beast, incidentally scattering 


dis widely. Many seeds which 


iten by animals have hard seed coats 

id, though they pass through the diges- 
tive tract without being digested, they 
‘emain viable and germinate afterward. 
‘his is an important means for the dis- 

ersal of these seeds and explains the 
nystery of how certain seeds are scat- 
tered widely by birds and migrating 
inimals and why a pasture may become 
filled with strange weeds. 

The mechanical methods of seed dis- 
persal are so well known that we need 
mention only a few. Ocean currents 

island. 


floating 


irry coconuts from island to 


y also carry many other 
seeds whose covering is such that they 
ire uninjured by Many 


seeds are small and carried by the wind, 


salt water. 
r they may be equipped with tufts of 
otton or hairs such as are found on the 
seed of the the 
dandelion which afford small parachutes 


milkweed or common 
ind help to carry them long distances in 
a gentle breeze. Even the squirrel con- 
the distribution of 
when it hides its winter’s supply of nuts 


tributes to seeds 
and thus plants some of them in favor- 


able situations. Some seeds or fruits 
adhere to the fur of animals and are dis- 
tributed in this 


heavier seeds 


while 
out of 


manner, 
thrown 
capsule which 
pen when the fruit is ripe. 
of some grasses and sedges are small 
enough to be carried on the feet of mi- 
grating water birds. 
of some of 


some 
the 


springs 


are 
ripening seed 


The seeds 


For example, seeds 
found at the 
water’s edge are so tiny that there are 


the rushes 


about 70,000 to the 
such as those of sedg 
bers which enable 
surface of water and 
wind and currents 
lakes and rivers 

The story of the germination and de 
velopment of seeds and seedlings is more 
or less familiar to 
planted and cared for a 
dow box. Sometimes pe 
member that the me 
duction done 
flower which precede 
the seed and that the 


ready 


has 


new plant 
formed within the seed, ready 
favorable co1 


resume growth under 


; ] + 


tions, which we often help 


when seeds are p anted H 
the economy of the plant itself 
not only serves as a means of 
a long or short unfavorable peri 
also as a means of multiplying 


species many fold and of 


establishi 
particular kind of in an infinit 
variety of new situations. Some plants 


which reproduce by seeds are so pre ifie 
that a single plant, as for example one 
of the I 


bear over a 


wormwoods, has been known 
The ji 


yet 


a ; 
miiiion seeds 
weed is not unusually prolific, 
the seeds ofa jims n-weed should vrerm) 


nate in a favorable place, a single plant 


one year could give rise to 15,000 plants 


in the next year. If these plants wert 
properly spaced and each could again 
would 
500 


produce 15.000 seeds. iT require 
only 4 
many 


populate the entire earth’s surface wi 


vears ti ‘ovide times as 


4 


seeds as would be required 


jimson-weeds. 
Thus perhaps one of the most remark 


able things about seeds is the high yield 


per 
would be enabled 


possible plant by which 
species 
world 
method of dispersal! and 


source of so great a par 


wide if they had 


supply. 
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THE INVISIBLE FRONTIER—OR FIVE 
MILES UNDERGROUND 


By Dr. W. T. THOM 


DEPARTMENT OF GEOLOGY, PRINCETON UNIVERSITY 


But a single major frontier remains 
for the adventurous youth of to-day to 
penetrate and explore. The Old World 
and the New World are both known. 
The days of Daniel Boone and of Buf- 
falo Bill are now but memories. The 
North Pole and the South Pole have 
both been reached, and darkest Africa 
is no longer a continent of mystery. 
Where, then, lie roads to a new El 
Dorado—to a land of new discoveries, 
and to a realm affording opportunities 
for men to prove their physical vigor, 
resourcefulness, skill and perseverance? 
Our new frontier lies beneath our feet, 
and our new quest is to learn what is 
within the earth as well as on it. 

For many centuries people speculated 
as to what the realm of Pluto was like, 
or just how far down one had to dig to 
be in danger of a sudden plunge into 
the fires of hell. Such speculations were, 
however, without particularly important 
consequences, so far as can now be dis- 
covered. 

Many of us have doubtless thought of 
what great depths had been reached 
when, a short time ago, oil operators 
actually drilled to more than two miles 
beneath the earth’s surface, or when 
gold miners in South Africa penetrated 
for more than a mile and a half down- 
ward, but these depths shrink into in- 
significance when we compare the two 
miles thus penetrated, with the four 
thousand miles yet intervening between 
the bottom of the world’s deepest oil 
well and the earth’s center. 

Geologists have indirectly penetrated 
deeper than the miner, and from the 
forms and relationships of surface fea- 
tures have deduced much as to the struc- 
ture and constitution of the earth to a 


depth of about five miles. And now 
a blending of geology and physics 


developed partly from sound-ranging 


methods used for locating enemy can: 

during the world war—we are engag 
in a new campaign of underground ¢ 
ploration of what exists in the eart! 
sub-crustal mass, which will be at o: 

scientifically important, educational] 
useful and practically worth while. 

Why will such exploration be wort 
while? It will be worth while part 
because it will add to the store of huma: 
knowledge; partly because it will gi 
many red-blooded young men absor! 
ingly interesting and satisfying work 
and partly because it will in the cours 
of time provide us all with a new know 
edge of factors controlling the formati 
and place of concentration of ores as y: 
undiscovered, which civilization must 
have ere many decades, if it is to cor 
tinue to supply itself with essenti 
metals and mineral substances. 

What methods of attack will be us: 
in carrying out this exploration? Sul 
erustal exploration will be carried out 
partly by the use of airplane phot 
graphs taken at great height, which r 
veal significant geological relationships 
invisible to one standing on the ground 
partly by use of geological methods 
which deduce from surface outcrops or 
from oil well or mine data what unde! 
ground conditions are; and more and 
more by use of the so-called geophysica! 
methods, which can be made to revea 
underground conditions by carefu 
studies of variations either in the loca 
force of gravity; in earth conductivity 
of electricity; in earth conductivity 0! 
earthquake or explosion vibrations; 


( 
ldc 
‘ 


in the intensity of local magnetic fiel: 
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interpretation of results 
thus obtained by applying physicists’ 
methods and instruments to earth study, 
it is becoming possible for a geologist to 
learn of the earth’s composition and 
anatomy, very much as an x-ray special- 
ist now learns of the anatomy of one of 
his patients. True, the new geophysical 
arts are not yet fully developed, and 
their costs are yet high, but when one 
pauses to recall that by these methods 
it is now often possible to say that there 
is quite certainly a concealed oil struc- 
ture beneath a particular square mile of 
a featureless alluvial plain hundreds of 
square miles in extent; or that a salt 
dome giving promise of oil and sulfur 
production exists beneath a particular 
lake, so many miles offshore in a given 
direction, and at a depth of so many 
feet; or that the thickness of sedimen- 
tary rocks filling a great trough-like 
downfold in the erystalline basement 
amounts to almost exactly 22,400 feet 
we can realize what great progress has 
already been made in developing meth- 
ods for penetrating the invisible depths 
of the earth. 

What is the present state of our 
knowledge regarding earth composition ? 
We know that many parts of the earth’s 
surface are covered by a veneer of from 
a few feet to perhaps ten miles of lay- 
ered sedimentary rock—most of which 
has been laid down in shallow sea water. 
We know that this outer film of sedi- 
mentary material rests on a basement 
of granite or of other crystalline rock 
formed either by the solidification of 
once-molten material or by the deforma- 
tion and recrystallization of remotely 
ancient sediments. And we know that 
the earth apparently consists of a num- 
ber of thick layers of rock, arranged 
much as are the layered coats of an 
onion, and that the rock materials com- 
posing these successive layers are pro- 
gressively heavier and denser as the 
center of the earth is approached—the 


By geologic 
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innermost core or centrosphere of the 
earth, some 1,500 miles in radius, being 
apparently composed of molten matter 
having the density of a nickel-iron alloy 

The best method of 
kind of material constituting the various 
shells of the earth is based on study of 
the speeds of the elastic waves made by 
artificial and 
From those speeds thickness of each shell 
can be measured with 
curacy. But to deduce the nature of the 
materials additional information is 
needed. We need to know how elastic 
are the principal kinds of rocks at the 
high pressures and temperatures pre 
vailing in the earth’s depths. This 
means special investigation of all the 
standard types of rocks when subjected 


discovering the 


1atural earthquakes 


considerable ac 


to high pressure and high temperature 
simultaneously. Such a kind of research 
demands high technical skill. Further, 
any good deduction of the temperature 
of the earth’s deep interior from the 
records of thermometers in mines and 
bore-holes similarly demands many labo- 
ratory experiments on the thermal con 
ductivity of rocks at high pressure and 
temperature simultaneously—again no 
easy problem, but one being solved with 
modern methods. 
damental experiments bearing on the 
subject are being carried on at the Car 
negie Geophysical Laboratory at Wash 


These and other fun 


ington and also under the direction of 
Professor Bridgman at Harvard Uni 
versity. 

Other groups of workers in all con- 
tinents have also been approaching the 
problem from direction and 
have been seeking to advance, step by 
step, from the 
ground to the unknown depths of the 
earth’s interior, 
consolidating each gain in knowledge as 
it is made. And it is through a study 
of mountain structure and of how moun 
tains grow that these other groups ex- 
pect to learn definitely and accurately in 


another 
known surface of the 


testing, proving and 
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the relatively near future of the com- 
position, properties and behavior of the 
outer, relatively strong and relatively 
brittle rocks of the earth’s ‘‘erust,’’ a 
‘‘erust’’ which probably varies between 
ten and a hundred miles in thickness. 

Geologie knowledge long ago _ pro- 
gressed far enough to show that our 
world is far from being the terra firma, 
or stable earth, imagined by the ancients. 
A brief review of the geologic record 
shows that again and again mountain 
ranges and systems have been born, have 
grown to maturity and have then been 
gradually worn away by erosional proc- 
esses. It is possible to point to feature- 
less plains, in the outerops of which the 
roots of primeval mountain ranges are 
visible; we can examine the old Appa- 
lachians which have almost wasted away 
under the attack of atmospheric agen- 
cies; we can study the more lofty and 
middle-aged Rocky Mountains, and can 
explore the still younger Alpine, Hima- 
layan and Andean chains which are yet 
in the full stature of early maturity. Or 
we can watch the course of events in the 
great voleanic and earthquake belts 
girdling the Pacific, traversing part of 
the Mediterranean and circling the West 
Indian are, in which infant mountain 
ranges are even now being born or are 
attaining their early growth. 

In order that mountains may be 
formed, the outer film of the earth’s sur- 
face—perhaps 5 to 20 miles thick, per- 
haps 50 to 100 miles thick—must be 
eapable of sliding horizontally relative 
to points in the layers beneath. By de- 
termining the nature and amount of 
such relative sliding, it will be possible 
to ascertain not only how thick the mov- 
ing film or veneer is, but also the me- 
chanies of the movement, and, by indue- 
tion, the nature of the forces which 
could possibly be productive of such 
deformations at periodic intervals. 

Two lines of attack upon the secrets 
of mountain growth—and thus ulti- 


mately upon the problems of earth struc 
ture and constitution—give promise 
being mutually supporting and hig! 
successful. 

One econsists of a study of gravity 
conditions and bottom configuratior 
those parts of the oceans in which act 
mountain building is now in progress 
for there the geometry of the growi 
sub-oceanic ranges can be ascertain 
free from modification by rain 
stream erosion. Dr. F. E. Vening 
Meinesz, of Holland, has pioneered 
this study of sub-oceanic gravity cond 
tions, in cooperation with the navies 
the Netherlands, of Great Britain 
of the United States—partly also w 
support from the Carnegie Institut 
and from the International Expedit 
to the West Indies recently spons 
by Princeton. And both government 
navies and surveys and merchant s| 
are supporting his work by making 
portant contributions to our knowledg 
of the configuration of the sub-ocear 
floor. 

The second line of attack is advancing 
in the Alps and Scottish Highlands, 
the Appalachians and Rockies, in 
California Coast Range, in Japan 
the East Indies, and in many other 
regions where erosional planation ar 
eanyon cutting make it possible to lear 
of the internal structure and deforma 
tional pattern of typical mountai 
ranges. Surface exposures in this 
regions make it possible to begin thi 
reconstruction of the size, form and 
interrelationship of the individual 
lifts composing a given mountain sys 
tem, and underground evidence afford: 
by mines and oil wells will amplify this 
reconstruction and will in turn be fur 
ther supplemented by the gravity studies 
of geodetic surveys and by other 
physical studies by oil and mining co! 
panies or by research organizations 
Such researches will prospectively actu 
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ts of the mountains,’’ 


ssible the completion of a first main 


stage in our underground exploration. 
How long a time this and subsequent 


exploratory stages will require no one 
What discoveries will be made 
either of new exploratory methods or of 


in tell. 


idden oil and ore deposits, no one ean 
eness. We know, however, that no such 


has ever yet been made without 
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important scientific, educational and 
commercial discoveries resulting there 


and, Turthermore, we Know t ne 


from; 
other line of endeavor which holds out 


greater hope for adventure to those wh 


would have joined in pioneering our 
American frontier had they been born 
a hundred years ago, but who arrived 
too late to take part in that epie if ex 


ploration and adventure 


NO ONE NEED HAVE SCARLET FEVER 


By Dr. GLADYS H. DICK 


THE JOHN 


Tuis talk concerns the possibility and 
the method of educating the body to pro- 
itself against scarlet fever. No one 
fever. No one need 
These 


two hundred and 


eed die of scarlet 


scarlet fever. statements 
sum up the results of 
fifty years of intensive research on one 
of the oldest and one of the most dreaded 
diseases. The results are now available 
for protection of your children and of 
ourself The 


necessary materials can be obtained at 


against scarlet fever. 
ur drug store, and your doctor can 
administer them. 

Searlet minute 
microbe which can be seen only through 
a powerful the 
microscope, it looks like a minute chain 


fever is caused by a 


microscope. Under 


ff beads. The particular microbe which 
‘auses scarlet fever is characterized by 
its ability to manufacture strong poison. 
It is this poison manufactured by the 
scarlet fever germ which produces the 
symptoms peculiar to scarlet fever. And 
it is the discovery of the scarlet fever 
poison that has furnished us with the 
means of curing and preventing the dis- 
ease 

Around a person who is suffering with 
searlet fever, the air is contaminated 
with the patient’s breath which carries 
minute droplets of moisture from the 


MCCORMICK 


INSTITUTE, CHICAGO 


lungs, nose 


and throat of the patient 
These droplets of moisture contain the 
scarlet fever 


and 


microbes. They are s 


small light that they float in thé 


air for some time and may be carried 
remote parts of the room by « 
If this contaminated 


in by a well person, the microbe may 


lodge on the membrane o 


mucous 
throat and nose. If the person who has 
, scarlet 1evVve 


thus become infected with 


had the disease. he 


germs has already 


usually remains well because his | 
has learned to protect itself. But s 
long as the searlet fever microbes re 
main in his nose a} throat, it is pos 
sible for him to pass them on to some 
else without being sick himself. Suel 
person is known as a ‘‘earrier’’ of se 


let fever. 

If the person who has breathed in th 
contaminated air has had sear 
fever in 
crow in his throat and nose, 


never 


any form, the microbes may 
producing 
the first symptom of scarlet fever, which 
is sore throat. Then as they grow in the 
throat, they manufacture their poison 
which is the blood and 


earried to all parts of the body. Absorp 


absorbed into 


tion of this poison causes the next symp 
toms of scarlet fever, nausea and vomit 


ing. 


It also causes the scarlet red rash 
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which gives the disease its name. This 
rash usually begins to appear on the 
second day of illness, coming first on the 
chest and abdomen and spreading over 
the whole body, except the face. When 
fully developed, it consists of minute 
bright-red pin-point spots on a flushed 
skin. 

If sore throat, vomiting, fever and 
rash exhausted the possibilities of scarlet 
fever, the disease would not cause much 
concern. In some cases, the patient 
grows rapidly worse and dies within a 
few days. In others the attack may be 
mild. But even the mildest attack of 
scarlet fever may be followed or accom- 
panied by complications which may 
cause death or permanent disability. 
These complications most frequently in- 
volve the ears, kidneys and heart. 

If the searlet fever patient recovers 
from the disease, he does so because his 
body manufactures an antidote for the 
poison of the scarlet fever microbe. 
This antidote is known as scarlet fever 
antitoxin. If the body does not manu- 
facture the antitoxin soon enough and in 
large enough quantities, the patient dies 
within a few days. But this antidote 
can now be manufactured artificially, so 
that it is no longer necessary to take a 
chance on the patient manufacturing his 
own. He ean be given the artificially 
prepared antitoxin. If the scarlet fever 
antitoxin is given early enough and in 
large enough dosage, it cuts short the 
course of the disease and reduces the 
chances of complications. 

However, the only sure way to prevent 
complications is to prevent the disease. 
This is possible. It is done by educat- 
ing the body to protect itself against the 
scarlet fever germ through teaching it to 
manufacture the scarlet fever antitoxin 
or antidote. If a person has had scarlet 
fever and recovered, his body usually 
continues to manufacture scarlet fever 
antitoxin indefinitely, and this protects 
him against other attacks of the disease. 


But if one has not had an attack 
scarlet fever, his body has not learned 
to protect itself, and if nothing is done 
to teach it, the body does not learn this 
lesson until it suffers an attack of scarlet 
fever, and an attack of scarlet fever js 
always accompanied by possibility 
death or complications. 

We now know how to teach the body 
to produce the antidote for scarlet fever 
which will protect not only against a 
fatal attack of the disease itself but als 
against all the complications of scarlet 
fever and against even the milder form 
of the disease. This is accomplished by 
five hypodermic injections of smal! 
graduated doses of the toxin which has 
been freed from all germs either living 
or dead so there is no possibility of its 
causing damage. These injections are 
given under the skin on the upper arm 
at intervals of one week, requiring one 
month for all five. They stimulate the 
body to produce the antidote for scarlet 
fever, and this antidote which circulates 
in the blood protects the body from an 
attack of scarlet fever. 

Persons whose bodies have thus been 
taught to protect themselves may mingle 
with scarlet fever patients and with car- 
riers of scarlet fever without fear of con- 
tracting the disease. The protect 
thus conferred is quite permanent in t! 
majority of cases, lasting for a period 
at least several years and probably muc 
longer. 

Some bodies—like some minds—do not 
remember all they learn. About ten out 
of every hundred need to take a second 
course a year or two after the first 
course. They do not usually forget after 
the second series of lessons. 

Not every one needs to be immunized 
against scarlet fever. In order to lear 
which individuals in a given group need 
to be protected and which ones do no! 
need to be immunized, a skin test 1s 


made. This consists of the injection of 
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a minute amount of solution between the 
lavers of the skin on the forearm to test 
for the presence of the scarlet fever anti- 
dote in the blood. If the person tested 
has enough searlet fever antitoxin in his 
blood to protect him against an attack 
of the disease, no pink spot will develop 
at the site of the skin test. Such persons 
do not need to be immunized against 
searlet fever. If a pink spot does de- 
velop at the site of the skin test, it indi- 
‘ates the absence of scarlet fever anti- 
toxin from the blood and means that 
person needs to be protected against 
scarlet fever. 

Briefly outlined the new methods for 
‘ontrolling scarlet fever consist of: (1) 


An airplane flight from Key West to 
Havana is approximately the same dis- 
tance as one from San Francisco to 
Reno, but the latter is a more difficult 
flight. This arises from the topography 
if the stretches which are covered. On 
the one hand, there is a swift, straight 
‘ourse over a level sea. On the other, 
the plane must gain the altitude neces- 
sary to cross the intervening Rocky 
Mountains, an effort which taxes to ca- 
pacity the energy of the machine. The 
speed of the transit is correspondingly 
decreased. In the overland flight it is 
not necessary, however, that the plane 
attain the altitude of the tallest moun- 
tain peaks. Here and there, throughout 
the mountainous region, are passes, any 
me of which the aviator may choose to 
reach his objective with a minimum of 
altitude consistent with safety. Along 
such highways of the Sierras the planes 
pass and repass. 

Chemical reactions result from col- 
lisions between individual chemical 
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A skin test to learn which persons might 
contract the disease on exposure to it; 
(2) a course of hypodermic injections to 
educate the tissues of the body to manu- 
facture the antidote for scarlet fever; 
(3) the prompt administration of artifi- 
cially prepared antitoxin to persons who 
are already suffering from an attack of 
the disease. 

These methods are new, but they are 
not experimental. They have been ex- 
tensively and successfully employed in 
many thousands of persons in this and 
in other countries during the past ten 
years. Their safety and their efficacy 
have been established by these years of 
experience. 


SPEED AND ITS SIGNIFICANCE IN CHEMISTRY 


By Dr. HUGH S. TAYLOR 
PROFESSOR OF CHEMISTRY, PRINCETON UNIVERSITY 


units or molecules. As these units ap- 
proach one another they exert forces of 
a repulsive nature, which oppose the 
tendency to react. It is the speed of the 
approaching molecules which overcomes 
these repulsions and allows the molecules 
to get sufficiently close to one another 
that the constituent atoms may exchange 
or rearrange to form new substances. 
We may think of these repulsive forces 
in terms of the airplane flights which we 
have just been considering. When the 
repulsive forces are small, even small 
velocities of collision suffice to produce 
reaction; the energy required is rela- 
tively little, as in the overseas flight. 
When the repulsive forces are great, 
large ‘‘energies of activation,’’ as they 
are called, are required. The energy of 
activation in such cases may be thought 
of as a mountain barrier of energy 
which the colliding molecules must over- 
come. As in the case of the airplane, the 
molecules can find, by myriad processes 
of trial and error, an energy mountain 
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pass through which they may approach 
each other, with the minimum consump- 
tion of energy, to attain their final state. 
It is one of the triumphs of the new 
mechanics applied to chemistry that it 
has succeeded in calculating just what 
is the best mode of molecular approach 
and how high such energy barriers are, 
in terms of the forces operative between 
the molecules, thus permitting a theo- 
retical calculation of the speeds of some 
of the simpler chemical processes. It is 
significant that such calculations have 
already been able to shed new light on 
the subject of speed in chemical proc- 
esses and to point out cases in which our 
experimental facts were in error. All 
the text-books of chemistry indicate that 
fluorine is an element of high reactivity. 
Caleulation showed that this was not 
strictly true, and recent experiment has 
confirmed the results of theoretical cal- 
culation. It has been shown that the 
speed of such reactions is in reality in- 
fluenced by the walls of the container or 
by minute amounts of foreign materials 
and that great changes in reaction speed 
may be effected by such influences. 
The ancient alchemist hurried his 
chemical processes by subjecting them to 
heat in alembies and crucibles. Even 
to-day, the commonest method of speed- 
ing up reactions is by raising their tem- 
perature. Heat increases the violence of 
molecular collisions and so the forces of 
repulsion are more frequently overcome. 
Other forms of energy may also be used. 
Nature, in the springtime, illustrates not 
only the effect of the warmer weather 
but also the accelerating action of light 
in the lengthening days of spring. Then 
occurs, with marvelous rapidity, that 
most arresting chemical change in which, 
from water vapor and the carbon diox- 
ide of the air, there comes forth the love- 
liness of the daffodil, the swift growth of 
the peony bed. The intenser forms of 
energy, x-rays and the penetrating rays 
of radium, are also familiar, even to the 


man in the street, who knows of 
use in accelerating the destructi 
malignant growths in the human lx 
The electric current passing th: 
solutions, electric discharges th: 
gases and, latterly, high-speed, « 
eally charged particles moving und 
influence of even millions of volts 
also are means whereby speed in 
eal processes may be accomplished. | 
of these last experiments a new ec} 
try is arising, a chemistry which has 
its objective the shattering even of 
atoms themselves. Speed in this acl 
ment will give to the world at 
energy. 

In the meantime, we must be w 
tent with less spectacular though s 
arresting successes. The first quart: 
the century has seen the perfectio 
the use of surfaces in speeding up p: 
esses of change. The chemist 
that a process which would not oc 
one stage because of the height 
energy barrier could be made to oc 
several stages, each of which iny 
much smaller energy obstacles 
analogy of the zigzag pathway u 
mountain face instead of the direct 
sault conveys something of the id 
volved. Materials ordinarily reg 
as inert, as, for example, nitroge: 
hydrogen, react readily on iron sur 
at temperatures for which the r 
by collision alone is vanishingly s! 
This surface reaction alone has 
revolutionary consequences f 
whole world. It permitted German: 


wage a four-year war of unpreceden' 


magnitude when cut off from the us 
sources of fixed nitrogen, the niter | 
of Chile. The same reaction, too, has 
the post-war era, vastly influence: 


internal economy of Chile, forme! 
able to sustain all government ent 


prises on the revenue from saltpeter 
port taxes. All the great nations t: 
fix the nitrogen of the air by surfac 
actions. The increases of speed 


+ 








mle 


i 


S 




















SCIENCE 











pie are enormous d reaction 
recently in the Princeton Chemi 
oratory was Tound be accelel 
million m mo n fold by 

I surface ill | s 1 pl sents a 
rather than a hig surface eft 
The surfaces are efficient be 

pV reason oO! insaturation ol 
riace atoms, they ire able to teat 
re apart ni tThel eonst nent 
s, with small expenditures of en 


he atoms thus produced being 


—— 
th Slmllar sma energy ettort, to 
) to the new and desired 
“ 
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ne speed OF ¢henic processes 
st do so in processes of conserva 
ind preservation against deteriora 
Kirst quality automobile tires are 
expected to give a minimum service 
thousand miles. The chemist has 
that possible by finding how to 
und with rubber minute amounts 
emicals which serve to arrest the 
rmal tendency of rubber to perish 
development of ethyl gasoline, i 
imblefuls 


the addition of a few 


Was once a rare organle cnem 


thvl lead, to gallons of easolins 
‘ly transforms the characteristics 
fuel—this is an instance of a sup 


ession of an undesirable knock-pro 
ng explosive reaction harmful to 
; 


ne eylinders. The introduction of 


resisting steels is yet another in 


e of the chemist’s ability in slowing 


a naturally occurring undesirable 
‘ess. In many of these processes the 
mical changes occur in chains started 
i Single initial impulse, just as in a 
tably ordered array of dominoes one 


ng domino will overturn the rest 
e added agents are, in many of thes 
Ss, inhibitors of chain reactions 
pegs placed between the rows of 


ing dominoes would illustrate their 
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THE TELEPHONE POLE AND THE 
MUSHROOM 


By Dr. R. H. COLLEY 


Oo ) ANT DEVELOPMENT, 


had 


Alice 


woods 


ACCORDING to the story, 


running the 
had paused to rest near a large mush- 


been through and 


room. Under the dramatie conditions 
of the experiment the mushroom was 
as tall as Alice herself. It may be 
assumed that she did not know it was 
a fungus. She probably had _ never 
heard of biology. But she was in a 
most unique position to get a proper 
perspective of that particular mush- 


room, and she proceeded to examine it 


from all sides. The umbrella-like top 
of the mushroom possessed very special 
powers. She found that a little bit 
taken from one side of it would make 
her grow tall, and that a little bit from 
the other side would make her grow 
short; and that by properly balancing 
the amounts of each piece she could 
keep herself just about the right size. 


under the cireum- 


mushroom 


It 


stances, 


is small wonder, 
that the 
large though 


assumed 


such a temporary impor- 
tance in Alice’s eyes. 

Outside of the fable such opportuni 
for gathering information about 
fungi are likely to be confined to the 
of the Formerly 
the evanescent fairy rings of toadstools 
in the 


for the sports and games of elves and 


ties 


realms imagination. 


moonlit meadows were arenas 


Nowadays these 


their 


dwarfs. 
form 


genomes and 
fairy 
circles in the grass to spoil the turf 
The fact that mush- 
then 


same rings strange 
on putting greens. 
for a 
gone gives them a sort of will-o’-the-wisp 
character. They are, however, very real. 
If, for convenience, all plants be di- 
vided into two groups—those having the 


rooms appear time and are 


0315 


BELL TELEPHONE LABORATORI 
ereen coloring matter called ¢] 
on the one hand, and those that 
have it, on the other—we may det 
position of the funei bv savin 


l 


they belong to the latter er 


two groups are continually i 
tion. With the aid of chlorop 
light, and the substanees found 
water and soil, the green plants 
and store up a food supply. | 
plants are builders. Fungi, 
speaking, are destroyers or scay 


Lacking chlorophyll, they are dep 


for their food supply on the tiss 


stored substances made by tl 
plants. They are often classed 
fore, either as parasites or sapr 
depending respectively on whet! 
attack living plants or simply 
down the non-living product of th 
plants. The forms of fungi are 1 
varying all the way from minut 
eelled organisms, to giant s 
brackets. The latter belong in 
group which includes the mus 


and their relatives, and it is this 
which is of special interest to f s 
cerned with outside plant 

Certain 


mushrooms and many 


of bracket fungi are the most imp 
in the world, p 
not excepting fire and man. At 
it b 
more and more susceptible to int 


wood dest royers 


tree reaches a certain 


age 
by such fungi. They attack any ex) 
sapwood, and they gain entrance 
heartwood through wounds or alo 
branch stubs. Once established 
proceed slowly but surely to tur: 
wood back into the elements from 


it was created. Other fungi, us 
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far 
ise that 
tree, are lving in wait to attack 
id of the 
nto lumber or cut and peeled for 


as as species is concerned 


tree as soon as If 18 
Sa pole. 

n a potential food supply, such 

sapwood of southern pine, there 


st be a sufficient amount of moisture 


sufficient 
the 


and 


sent, and a amount of 
before 

all; 
sture conditions thereafter determine 
the de- 
two factors. 
the 
thor 


fungus e@an attack 


id at the ‘warmth and 


growth and 
Of the 
warmth, 
or 


wet or thoroughly dry wood will 


vy the rate of 


’ destruction. 
sture and moisture is 
mportant. instance, 
There is too much moisture in 
and too little in the other. 


ne case, 


| slows down or stops fungus ac 


but low temperatures rarely kill 
vrowth 


rable 


temperatures 
70 100 


range 
Fahren 
retard the 
kills the 
Moist heat kills more quickly 
n dry heat. 


rally betwee and 


Higher 


and more intense heat 


temperatures 


vanism. 


POLE 


attack the wood of the 


AND THE Ml 
With this ba 
a more specific descr 
life ecyele may be intr 
plest unit in this 
cell, or 
analogy to the seed 
The 
conditions 


spore germinates, 


are favorab] 


one or more delicate 


mination may be said 


the sprouting ot The s 


tion has taken place or 
verm tubes lenethened 


that branch and rebrai 


particles. IF 


absorption from the mate 


in the soil water r bp 


plant debris in the s 
happens to he h owl 
surtace of a pole, or 
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the ChHeCK 


by Cap 


may take place Inder 


make it 


possible ror 


find its way into the cel 
If there is enough wat 
Sa\ 25 or more pel erent 


oven dry weight of the 


tube develops into a bri 
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FIG. 2 MUSHROOM AND MAINTENANCE A MURAL IN MINIATURI 
A. THE LIFE CYCLE OF THE MUSHROOM IS MADE UP OF TWO ALTERNATING STAGES, AN 
EGETATIVE STAC AND A RELATIVELY SHOR IVED FRUITING STAGI IN THE COURSE Of} 
THE F ( . ENTS ¥ I ASS TOGETHER AND FROM THI ( 

SHROO) ) OPS B \ LON VERTICAL SECTIO OF T MUS 00 | 
CALLED GI HA FRO HI ) SURFA OF THE CAI ( I SURFACES OF 
COVERED WITH STUBBY C! S THAT ‘ SPORES D. AN } ARGED OF A PA 
OF THE GILLS SHOWING THE SPORE-BEA G CELLS (a AND {E SPORES (b I Fr’, 
SPORES RIPEN ON THE GILLS AND ARE THEN CARRIED BY THE WIND TO THE GRO re 
LIKELY RESTING PLACE SUCH AS A CHECK IN THE POLE G. THE CHECKS IN THE SURF 
POLE G SERVE AS PORTS OF ENTRANCE TO THE INNER SAPWOOD AND THE HEARTWOOD OF 
H. GERMINATING SPORES. THE GERM TUBES DEVELOP INTO FILAMENTS THAT 1 


THROUGH THE SOIL AND INTO THE BELOW-GROUND SECTION OF POLE F, OR INFECT THI 

OF THE POLE DIRECTLY THROUGH A CHECK. I. A DIAGRAMMATIC REPRESENTATION OF A 

OF THE FUNGUS WORKING ITS WAY THROUGH THE WOOD CELLS. COMPARE Fi ) J 
OF AN ADVANCING MYCELIUM FAN. COMPARE Fic. 
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of 
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pends upon the reserve food material 
the spore. Then, 
longer and longer, they 
the wood cells and begin to destroy the 


of these filaments 


as they become 


in 


bore through 


cell walls. 
laminated structures 
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These walls are 


made up of cellulose and lignin. 
how the fungus breaks down these sub- 


stances is not clearly understood. It 


seems probable that enzymes are pro- 





duced locally at the tips of the 1 
and that these enzymes soften 

bore 
The 


tion process suggests a catalysis 


so that the filaments can 


from one eéell to another. 
stages 0 


advanced f decay the ce 





ture of the wood becomes mor 
completely disintegrated. 

The that 
contact with the ground proba 
comes infected by fungus filam 


Above 


wood in part of a 


are present in the soil. 
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‘tion appears to result from the 


on of Spores carried by the 
y rain-water, by birds and ani 
| by insects. 

time the fungus is in the fila 


s form, and while it is actually 


down or rotting the wood, it 

o be in the vegetative stage 

rot has become well advanced 
ments May or May not mass 1 

If they do, and the moisture 
ns are still favorable, a pro 
ed change in the behavior of th: 


ent 


rn 


ippear overnight, to 


oled mass; 


s takes place. merge into 


They 


and instead of remain 


Licroscopic threads, hidden away 
he light, they begin to work to 
itside ot the pole. Krom the 


filaments a typical mushroom 


Dy remain for a 


me before it is eaten by insects, 


ore it dries and is blown away by 


i i 
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yf 
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more than twice as thick as the 
sapwood of western cedar. Lodgepole 
pine sapwood has about the same thick 
ness as Douglas fir. The sapwood of 
southern pine poles averages about 3.2 
inches deep. It may be assumed that 
this sapwood is a most easily available 
food supply for fungi. This is another 
way of saying that the sapwood is soon 
attacked and destroyed under cond 
tions favorable to fungus growth. In 
fection may take place while the poles 
are lying in the woods or in storage 
piles in vards of the pole producers. 
In fact, infection is so general that it 
may be regarded as inevitable unless 
certain precautions are taken. These 


precautions are usually aimed at con- 


then kept dry it is not likely 
cause the moisture content is 
promote fungus growth. 

All things considered, it wou 
to be easier to dry out the thin s 
of the cedars and chestnut tha 
out the sapwood of southern | 
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trolling the moisture conditions, and 





that amounts to getting the water out 


of the sapwood as soon as 1t 1S practi- L 


cable to do so. The faster the sapwood Fig. 7. THs cross-SECTION 
dries the less chance there is of infec- sovrTHERN PINE POLE SHOWS D 


tion: and if the wood is onee dried and TREATED SAPWOOD. 
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THE PROGRESS OF SCIENCE 
WILLIAM MORRIS DAVIS, AN APPRECIATION 
but Tew men Is it 
is activity 


uusiv for 


t 


‘a large part o 


was the enviable 
admirable accomplishment o 
Messin Davis, physicgrai 
gist, Whose long and ric] 
7 ] 


or suddenly but peacelul 


\ 


| 
i, California, on February 
ir He had not quit reac 
hty-fourth birthday 

f the scientific men country, 
fessor Davis had been rr many 


¢ 


ars one ot the Known, not 


workers in the geological and 
nces but also TO th o er public 


many were 


is voluminous wr 


‘hed in a style terminology 


ch rendered them comprehensible to 
non-technical reader as well 


as 


} 
; 


a} ly instructive to the specialis 
detail 


The studies of his earher vears wer 


argely of more strictly advanced 


some of them 


formations o 
‘vy, and these gave 
indation for his later 
ih more important and really great 
indamental contributions were main 
the physiographic field, or geomor 
ology, as that branch of geology has 
en termed in later vears. It was 
own still earlier as physical geogra 
Professor Davis often considered 
uself a geographer, but it was not 
th the regional or the economic phases 
geography that he was concerned, or 
adaptation of man to his environ magnificently 


many taucht to the 


nt, whieh so largely absorbs l 
ted unabated vis 
fluenced 


foundly 


graphers to-day. He was interes 
fly in gaining a more precise under 


il 


ding of the nature of the land forms 
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Davis’ hame probably 


; ; 


sey nan With any the! 


nds of American and Europea 


ana Carry mall 


ographers. Briefly, 1 riving rounded ¢o1 


ION IS 1 ite side, rather than ex! 
‘haracte! 


advances 


**penep i 


res W hereby 


down to the rather 
ww level whieh it possessed 


Davis termed the succes 


evelie yvouth, matul 


and old age, and deseribed fully and 


FeOLOZ1C 


with remarkable vividness the physio \ it 


} 


Tion and to tTrave 
graphic characteristics of the landscape in understanding 
in each stage These characteristics A unique 

once known, can now of course be used 


; 


Oo ascertain whether an area has been 


uplifted relatively recently, a somewhat 


longer time ago or at a date much more first of the formulation 


remote in geological time—but never facts already discovered 


very remote, since it is recognized that tion or hypothesis for 


the whole cyele requires only a small phenomenon or problem; 
fraction of the total leneth of geologic tion was often elabora 
time for its completion The landscape 


f a region in youth—recently uplifted vation. Then wit! 


tl 


ogzical reasoning rati 


is marked by bold canyons, large areas planation as a guide, né 
of original pre-uplift surface as yet un for certain facts favorabl 
modified and undissected by the head pointing out the type of 


ward-growing streams which will soon would be eritica 
invade it, high gradient and swiftness would be made 


of the streams and coarseness or gravelly then be tested by 


character of their burden, and _ eloss these additional fae 
resemblance of the uplifted area the The problem of ¢o 


form determined by he nature he held Professor Davis’ int 


uplift, whether an upwarped arch * vears. Quite recently 


dome, upwarped or upfaulted plateau o1 book supporting strongly a 
tilted fault block In maturity the ng the view announced by ¢ 


whole region has been dissected to slopes win that barrier reefs and at 
the relief within it is at a maximum, the from fringing reefs through 


streams have begun to widen the down of the islands on which they 
stream parts of their valleys by latera setting forth fully the 
} 


ecorrasion and now ¢al ry much more fine 


relat 


physiographic history of island 
material, and all remnants of the pre character of the 


reefs encire 
uplift topography have disappeared. In Graduating from Harvard it 


old age the region has been worn well served as professor from 1877 
down toward its pre-uplift elevation, the tirement in 1912 Beginning 
mountainous relief of maturity has 1924, he lectured at 


universities 
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ires ranging 

d peaks, were scatt 
ils of the Unite 

| students, espechi 


thusiasm was ver\ 


izing sclentinie parties Was a 


In 1912 he led the Transcont 
Exeursion of the Americar 
il Society, in w 
abroad partic 
st decade of his lite 
mental in organizing 
‘lubs in southe 
Club and the Southern 
tercollegiate Excursions 
He was the author of a number 
rtant books, mainly in the field of 
s wraphy, in addition to the larg 
er of shorter scientific contrib 


THE AWARD OF THE WILLARD GIBBS MEDAL TO DR. UREY 


Ss discovery oT ~* he \ \ Te] 


promises to rank among the 


e the great ehteen ars of Dur 
vements of science, Dr. Harold r he attend the Wa 
m Urey, of Columbia University, 
en awarded the Willard Gibbs 
of the Chicago Section 
‘an Chemical Society 
Urey was born in Walkerton, tana at Missou 
on April 29, 1893, the son of Sam B.S 
Clayton Urey and Cora Rebecca | 
h] His father, who was a min 
and a high-school teacher, died 
he was six years of age, leaving 
a younger brother and a sister 
widow, in spite of severe financial 


I 


‘aps, was determined that her son 


d receive an education, and it nspiri 
her heroie efforts and the later Was assigned 
» of his step-father, M. A. Long, that experimental]: 
‘elved a college education Sackur-Tetro 


medalist’s summers were n thermal ioni 
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DR. 


kor- 


tunately this problem focused his atten- 


did not suceeed in this objective. 


tion on Bohr’s theory of atomic struc- 
that time had not 
sufficiently appreciated by 
He presented a theoretical 
the heat 
capacities and entropies of gases. This 


appears to have been the first applica- 


ture, which at been 


chemists in 
this country. 
the ealeulation of 


thesis on 


tion in this country of the accurate data 
funda- 
The 


mechanies is in- 


obtained from band spectra to 


mental thermodynamic problems. 
science of statistical 


debted to Professor Urey for his courage 


HAROLD CL: 


Ossip Garber Studio 


AYTON UREY 


in breaking new ground in a field 
has since developed into an imp 
chapter of modern physical chemist 
Professor Urey’s interest in 
structure received encouragement 
the American 
Fellowship for stu 


Niels Bohr 


vear 1923-24 was a most fortunat 


award of Scandu 


Foundation 
Copenhagen under 


to be in Bohr’s laboratory. It 
of those periods in the history of 
physies when the attack upon an a 
ently simple problem uncovered 


; 
i 


mental problems more rapidly 
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he solved. wher 





ves often proved 
ition by the meal available. 
when even the thermo 
ics seemed of doubtful validity in 
f the observed phenomena 
ie good fortune to be associated 
enterprises with a number of 


mn who were then o 


last 
rnational reputations it physics 
others, H. A. Kramers. Werner 
berg, W. Pauli and J. C. Slater 

His training as a chemist at California 
s experience in PHYSICS at Copen 
determined his present work in 
rder line between chemistry and 
sies, as Is evidenced by his editorship 
Journal of Chemical Physics and 


publications culminating in the 
se published in 1930 with Professor 


Ruark and entitled, ‘‘ Atoms. 


EDWARD WIGHT WASHBURN 


IEF CHEMIST OF THE NATIONAL BUREAU OF STANDARDS UD 
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the summer of 1931, Professor Urey of gaseous diffusion, which had 


became convinced on several grounds encouraging results through thi 
that an isotope of hydrogen of mass two separations of the isotopes of 
should exist, and that it should be pos ments. Shortly thereafter D1 
sible to prove its existence if proper pre Washburn, of the Bureau of Sta 
cautions were taken in producing and submitted for spectroscopic 
samples of water exhibiting 





photographing the spectrum of the hy 
drogen discharge tube Here was a greater than normal which he 
problem that certainly appeared to be pared by electrolysis 

[t is a matter of deepest reg 
Dr. Washburn’s untimely deat! 


ruary 6, at the age of 52 years, 


destined for negative results, as this 
spectrum had been carefully studied by 


many investigators. Through the ¢o- 
operation of Dr. Brickwedde, of the Detore he had received the ree 
cryogenic laboratory of the Bureau of Which he so richly deserved for 
Standards, samples of liquid hydrogen, ©™!"8 the remarkably effective 
‘ , a > t Anaring 
which had been redistilled under condi lytic method or preparing 
water,’’ the more so when it is 


tions suspected on well-founded prin- 


P £ ize thé » ‘osecuter his res 
ciples of favoring the concentration nized as . a ; ; 
. l i: I V i e ace ot ecliningeg 
the heavy isotope, were tested in the dis — h thts ; | ~ | d ’ 
, : , which wa oth rapid ar ‘ertal 
charge tube with the assistance of Dr on m4 4 p ¥ 
‘ nn . . also In spite of drastic and disc 
G. M. Murphy. The essential precaution — : a oe 
, reductions in the budgets of the 
taken was that of accentuating the ges ‘ 
tific bureaus of the government { 
atomic spectrum and depressing the Sy 
Mi . of this character. 
molecular spectrum by the addition of : ae , 
; A ‘ | rey S discovery of the elemer 
water vapor, which effectively prevents , ; :' P 
, ‘ Washburn’s method of separat 
the recombination of hydrogen atoms on ahr ae ' 
) : : Thi revolutionized the research progra 
) wi > e, 1 > T » . ° . 
ae ls ol the a horas _— . many laboratories in chemistry, p 
goddess of good fortune favored the re- and biology. The reason is quit 
search, but the favor was overdue and dent Hvdroven as the constitu 
well deserved. rhe discovery was made water and in the form of numerou 
possible only as a result of intelligent poy hydrogen compounds is the « 
planning based upon sound theoretical — post frequently encountered by 
principles. chemist and biologist. The phys 
Dr. Urey early suggested to the writer intensely interested in the use 
and his colleagues the possibility of deyterium nucleus. or so-called di 
separating the isotope by electrolysis, since he has found that it has r 
but in view of the numerous failures in able properties as a projectile { 
the ease of other elements and the lack ducing transmutations of elements 
at that time of any plausible theoretical particularly for the production 
reason for success, we had to forego trons. 
the experiments in favor of the method Victor K. LaM 


STATISTICAL CHARTS REGARDING EMPLOYMENT EXHIBITED AT T! 
NEW YORK MUSEUM OF SCIENCE AND INDUSTRY 


ANY approach to a statistical study of the influence of those scientific dis 
the relation of science and inventions to ies and practical inventions that 
employment should from the start recog- created new industries or new ser 
nize two aspects of the situation—one, and the other, those inventions that 
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THE ‘‘ ROCKET’? 
OCOMOTIVE, BUILT BY ROBERT STEPHENSON & COMPANY 
WAY IN 1829, WAS THE FIRST TO INCORPORATE SEVERAI 
RIZONTAL, MULTIPLE FIRE 
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FOR 17 POOL & Ma 
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Model of U atts single-acting steam engine 
embodying his invention of the separate condenser 
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1788 


SHOWING 


WAS BLILT IN 


OPERATING MODEL 
THE ENGINE REPRESENTED 
MINES. THI 


or WATT WITH THE CYLINDER SATION 


CONDEN 


ONI 


than the reduction in numbers employed, 
are difficult to set forth and to weight as 
to relative values 

One common effect of the introduction 
of labor-saving machinery is to reduce 
the price of the article produced or the 
effect that often 
reacts broadly upon large numbers of 
consumers. Another effect often result 
ing is increased efficiency in the product 


service furnished, an 


or service, which also results in increased 


consumption and constitutes an eco 


nomic and social vain to consumers at 
large. 
With certain comparatively recent in- 


ventions based on important scientific 


IPLES OF 
AND 


OPERATION OF THE MUSEUM MODEL SERVES 


CONDENSING 


MPIN¢ 


WATT’S 
WAS DESIGNED FOR 
TO CONTRAST THI 


NEWCOM 


THE EARLIER 


SIDE. 


discoveries which have resulte 


utilized by millions of 


services 
such as the telephone, radio and 


tatistica 


pictures, convineing s 


tions are comparatively simp 


much as they have produces 


wholly or in large part, enti! 
opportunities for employment 
cases it is possible to contrast 
bers emploved to-day with thos 


corresponding indust 


, 


in the 
have been replaced 

In still other cases difficulties 
tical presentation are far greate! 
and services, 


great industries 


automobile production, distribut 
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In only one instance, the manufacture 
of ineandescent lamps, was it found 
possible in the time available for the 
development of the museum’s legends to 
present statistically what have been re 
ferred to above as the secondary effects 
of inventions aiming at improvements 
in production processes and the reduce 


tion of labor 


Incandescent Lamps 

The history of incandescent lamp pro 
duction shows strikingly that statistics 
of employment do not reveal all the 
social implications of an industry. In 
1920 about 26,000 persons were em 
ployed in the produetion, development 
and wholesale distribution of incandes 
cent lamps. At that time approximately 
$22,000,000 lamps were produced and 
the average price was 34 cents. For the 
next ten years continuous improvements 
in methods of manufacture increased the 
efficiency of the lamp and reduced the 
number of employes to 15,000 by 1930, 
but because of the experience so gained, 
another industry—the manufacture of 
vacuum tubes—was developed in the 
same plants, which brought employment 
to 10,300 persons. In 1930 there were 
574,000,000 lamps produced, which sold 
for an average price of 14.2 cents. This 
lower cost to the consumer, together with 


+ 


yi lis 


MONTHLY 


increased efficiency of the lamp a 


creased COST 


of current supp 


central stations, reduced the 


mination to 


the consumer 


per 1.000.000 lumen-hours 
$3.50 in 1930. 
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These inventions are, of course, ft} 
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the industrial revolution and in so d 
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day Western 
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